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SUMMARY

. Early studies with ribavirin (1-B-D-ribofuranosyl-1,2,4-triazole-3-

3 carboxamide) against a broad-spectrum of viruses indicated it to be
significantly active against a wide variety of both DNA and RNA viruses.
Ribavirin has since been found effective clinically against several RNA
virus diseases and has recently been approved by the FDA for use against
respiratory syncytial virus infection in man.

Ribavirin remains to date the single most promising broad-spectrum
antiviral agent, active against most of the major disease viruses of RNA
type. - Ribavirin is very effective égainst Rift Valley fever, Lassa,
Machupo, Dengue, Pichinde, Hantaan and Retroviruses (e.g. HTLV-III) in
vivo. The potent activity of ribavirin against Lassa fever in subhuman
primate models is an indication of the potential human use of synthetic
antiviral agents against virulent tropical RNA viral diseases. The
success of ribavirin as a broad-spectrum antiviral agent has stimulated
a great deal of effort toward the chemical synthesis of nucleosides of
other azole heterocycles.

During the past year, a number of 1,2,4-triazole, thiazole, pyrrole,
pyrazole, purine, pyrrolo[2,3-d]pyrimidine and pyrimido[5,4-d]pyrimidine
nucleosides, and certain heterocycles have been prepared in sufficient
quantity and submitted to Chemistry Handling and Data Analysis Branch,
Division of Experimental Therapeutics, Department of Medicinal Chem-

istry, Walter Reed Army Institute of Research, Washington, D. C. for

antiviral evaluation in both in vitro and in vivo.
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I. INTRODUCTION

Each year viruses cause over one-billion infections in the United
States'alone. In man, viral infections are responsible for some 60% of all
the episodes of illness. About five-billion man days are lost each year in
this country because of virus diseases. No other category of diseases
approaches this total in terms of human disability. Man suffers approxi-
mately seven viral upper respiratory infections each year. A problem of
viral diseases is that there are a considerable number of different viral
strains which can cause infection. For example, over a hundred strains of
rhinovirus, more than thirty adenovirus strains and over sixty coxsackie
and echovirus strains are known. It is virtually impossible or impractical
to produce a vaccine active against more than one strain and one type of
virus. Therefore, vaccination may not be the answer.

The major failure of the past several decades with regard to the
development of successful chemotherapeutic agents against virus infection
has been the close relationship that exists between the multiplying virus
and the host cells. For most aspects of its growth, a virus depends upon
the metabolism of its host cells and the majority of viral inhibitors act
against cellular processes and thus are toxic for normal cells. However,
the fruits of research during the last two decades heralded a new era of
modern antiviral therapy.

A modern approach to viral chemotherapy as summarized by Professor
Seymour Cohen1 is as follows:

That almost all viruses carry genes for the synthesis of new metabolic

machinery was demonstrated in the last two decades. Because virus in-

fected cells contain unique enzymes and proteins essential for virus
z:gig?uction, it should be possible to inhibit virus diseases specifi-

Today, we have overwhelming evidence that specific antiviral substances

do exist which significantly suppress viral growth in concentrations which

do not interfere with the basic cell functions.2




Progress made in the syntheses and development of antiviral agents has

recently been revieved.3'7 Although the development in the area of viral
chenotHerapy vas rather slov in the beginning, substantial progress has
been made in recent years. The FDA approval of 9-g-D-arabinofuranosyl-
adenine (ara-A, trade name Vidarabine) and 9-(2-hydroxyethoxymethyl)guanine
(acyclovir) for use against herpes (DNA virus) infection, and 1-B-ribofur-
anosyl-1,2,4-triazole-3-carboxamide (ribavirin or virazole) against res-

piratory syncytial virus is indeed a major step forward. Ribavirin remains

NH, e
HyN N
-~ N H 2 U
YW I )\'\'\ J
X H.N N N
HO-~© A° HO4 0
HO HO
H
H acyclovir OH
ara-A ribavirin

to date the single most promising broad-spectrum antiviral agent, active
against most of the major disease viruses of both DNA and RNA type8 and no
ribavirin-resistant virus strains have been demonstrated in vitro.
Ribavirin is a very specific nucleoside with amazingly stringent
structural requirements for broad-spectrum antiviral activity and these
structural requirements are regarded as necessary tc transport the drug
into cells. The relationship of antiviral efficacy and structure of
ribavirin has recently been reviewed in detail by Harris and Robins,9 and

by Sidwell, Revankar and Robins.10

The success of ribavirin as a broad-
spectrum antiviral agent has stimulated a great deal of effort toward the
chemical synthesis and antiviral screening of a number of nucleosides of

azole heterocycles. During the last twelve months we continued our

synthetic program designed to provide the selected ribavirin derivatives

and related azole carboxamide nucleosides. Forty such compounds were
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prepared and submitted to Chemistry Handling and Data Analysis Branch,

Division of Experimental Therapeutics, Department of Medicinal Chemistry,

Walter Reed Army Institute of Research, Washington, D.C. for antiviral

evaluation. The progress made in the synthetic aspect may be divided into

four major categories:

1. Synthesis of Certain 5’-Substituted Derivatives of Ribavirin and
Tiazofurin

2. Direct Glycosylation of Preformed Fully Aromatic Pyrroles

3. Synthesis of 4-Substituted-1-g-D-ribofuranosyl-3-hydroxypyrazoles
Structurally Related to Pyrazofurin

4. Synthesis of 4-Amino-8-(B-D-ribofuranosylamino)pyrmido(5,4-d]pyrimidine

and Other Miscellaneous Compounds

II. CHEMISTRY AND DISCUSSION

1. Synthesis of Certain 5’-Substituted Derivatives of Ribavirin and

Tiazofurin
Efforts have been directed, in recent years, toward the synthesis of
5’-amino-5’'-deoxypyrimidine and purine nucleosides that are more selective

in their antiviral effects. The highly selective antiviral activity of

0 0 0]
OJ\N HoN x-S
HO o)
HN o HoN o
HO OH
HO OH
1 2 3
= tiazofurin

5’-amino-2’,5'-dideoxy-5-iodouridine (1) against HSV in vitro has been well
11,12

Although this 5’-amino-5’-deoxypyrimidine nucleoside is

documented.
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incorporated into both viral and cellular DNA, such incorporation is re-

13,14 The increase of the antiviral

stricted to the infected cells only.
therapéutic index of 5-trifluoromethyl-2’-deoxyuridine by a factor of 10 by

q? ‘ replacement of the 5’-hydroxyl with an amino group is another convincing

%

Q; example.15 5'—Amino—5'-deoxyguanosine16 (2) also produced a highly signif-
: icant inhibition (>80%) of a number of RNA virus replication at concentra-
?. tions as low as 6.4 ug/ml. No cytotoxicity was observed with 2 even at

concentrations as high as 1000 ug/ml. Compound 2, which exhibited signif-

icant inhibition of MLV replication in vitro at a concentration of 0.64

ii ug/ml, gave a "selectivity ratio" of >1500.17 The structure of ribavirin
? as noted by single crystal X-ray studies,18 is strikingly similar to that
: of guanosine with the carbonyl oxygen and the amide nitrogen occupying
'E stereochemically similar positions to the carbonyl oxygen (06) and the
; amide ring nitrogen (Nl) in guanosine. In view of these findings we have
! nov prepared the 5’-amino-5’-deoxy derivatives of ribavirin, as well as the
W synthetic oncolytic C-nucleoside tiazofurin (2-g-D-ribofuranosylthiazole-4-
: carboxamide, 3). Tiazofurin, synthesized and reported simultaneously from
h our laboratory19 and by Fuertes et al.,20 is a promising antitumor
\ agent21_23 currently undergoing Phase II clinical trials. Tiazofurin shows
: significant antiviral activity in 2155919 and potent activity against
:f several murine tumors, including Lewis lung carcinoma.zl"26
v The synthesis of 5’-amino-5’'-deoxyribavirin (9b) via the intermediate
3 5’-iodo-5'-deoxyribavirin is unsatisfactory due to poor yields.27 Further
é studies in our laboratory resulted in the successful synthesis of 9b by two
i‘ different routes. Tosylation of 2’,3'-0-isopropylidene ribavirin28 (3
;: wvith p-toluenesulfonyl chloride in dry pyridine at 0-&°029 gave 1-(2,3-0-
., isopropylidene-5-0-p-tolylsulfonyl-g-D-ribofuranosyl)-1,2,4~triazole-3-

carboxamide (6a, BL-00334) in 89X yield. The 5’-0-p-tolylsulfonyl group of
:E 6a was selectively displaced by the 5’-azido function (6b, BL-00325) by
5

7
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4a,R=Ac 5 6a, R = 0-S02-C¢H;CH,
9’ R = H 99 R=N3
l l ¢, R=NH,
(o] o]

—_— N._
O
HS— /O @:3" ° R
Y 0 HO OH
”°7 >< 9a,R=N;
! 8 b, R=NH2
reacting with sodium azide in dry DMF at 85-90°C for 10 hr according to the
30

general procedure of Horwitz et al. Deisopropylidenation of 6b with 80%
acetic acid gave 9a (BL-07333), which on further catalytic (Pd/C) hydrogen-
ation31 in EtOH—H20 (1:1) at room temperature and 37 psi of hydrogen pres-
sure afforded the desired 9b in 70% yield. Alternatively, when compound 5
wvas alloved to react with diethyl azodicarboxylate, triphenylphosphine and

phthalimide in THF at room temperature overnight,32

1-(2,3-0-isopropyli-

dene-5-deoxy-5-phthaloylamino-p-D-ribofuranosyl)-1,2,4-triazole-3-carboxa-
mide (8) was obtained in a 60% yield. On treatment of 8 with methanolic n-
butylamine under reflux for 12 hr, afforded the corresponding 5'-amino-5’-

deoxy derivative 1-(2,3-0-isopropylidene-5-deoxy-5-amino-B-D-ribofurano-

syl)1,2,4-triazole-3-carboxamide (6c, BL-04181), which on subsequent deiso-

propylidenation provided yet another route to 9b.




A highly efficient method for the conversion of alcohols to thiolesters

and thiols has recently been described.33

Application of this procedure to
2’,3'—g—isopropylidene ribavirin (5) by treatment with diisopropyl azodi-
carboxylate, triphenylphosphine and thiolacetic acid in THF at 0-5°C
readily gave 1-(2,3-0-isopropylidene-5-deoxy-5-acetylthio-B-D-ribofurano-
syl)-1,2,4-triazole-3-carboxamide (4a) in excellent yield. That the carba-
moyl function on the aglycon remained unacylated was confirmed by its 1H
NMR spectrum, which revealed the carbamoyl protons at 8§ 7.68 and 7.88 ppm.
The free thiol (4b, BL-04190) was obtained by saponification (NaOMe) of 4a.
Acid catalyzed deisopropylidenation of 4b provided 1-(5-deoxy-5-thio-g-D-
ribofuranosyl)-l,2,4-triazole—3—carboxamiae (7, BL-04207).

Studies were extended to provide several 5'-substituted tiazofurin

derivatives. Treatment of 2-(2,3-0-isopropylidene-g-D-ribofuranosyl)thia-

0 0

0
”2N/U\’—__—M$ HaN ‘ —
N N

—————— ——e i
HO R Ny O
o] HO OH

><
10

|
%F:

zole-4—carboxamide20 (10) with triphenylphosphine, diisopropyl azodicar-

boxylate and thiolacetic acid in dry THF gave an 847% yield of the corres-
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0 ponding 5’-deoxy-5’'-acetylthio derivative 2-(5-deoxy-5-acetylthio-2,3-di-

:g 0-isopropylidene-g-D-ribofuranosyl)thiazole-4-carboxamide (1l3a, BL-07351).

g Saponification of 13a with sodium methoxide in MeOH afforded 13b, which on

$ : acid catalyzed deisopropylidenation furnished 5’-deoxy-5’-thiotiazofurin

~§ _ [2-(5-deoxy-5-thio-B-D-ribofuranosyl)thiazole-4-carboxamide, 14] in a 84%

B

M yield.

;, 5’~Amino-5'-deoxytiazofurin (15) was prepared by employing the proced-

ﬁ ure that was used to obtain 5/-amino-5’-deoxyribavirin (9b). Thus, tosyla-
tion of 10 with p-toluenesulfonyl chloride in dry pyridine gave 2-(2,3-0-

:: isopropylidene-5-0-p-tolylsulfonyl-B-D-ribofuranosyl)thiazole-4-carboxamide

ST (11a) in 69.3% yield, which on treatment with lithium azide in DMF at 85-

~f 90°C for 20 hr furnished the corresponding 5’-azido-5’-deoxy derivative

:; (11b). Removal of the 2’,3’-0-isopropylidene blocking groups of 11b with

Eé hot 80% acetic acid gave 2-(5-deoxy-5-azido-B-D-ribofuranosyl)thiazole-4-

)

carboxamide (12, BL-07342). Hydrogenation of 12 in 50% aqueous ethanol in
the presence of Pd/C to obtain the desired 2-(5-amino-5-deoxy-B-D-ribofur-

anosyl)thiazole-4-carboxamide (15) is in progress.

(]
DAL

(o) o ?
; o s i o)
:: \i*/J N N\qq/J
8 - _—
4,
I o HO— O HO— O
-0
i &
\ XN HO OH HO OH HO OH
. . 17
‘f' 16 ribavirin LS
*\ Direct acylation of ribavirin was accomplished by adding 1.1 molar
L equivalent of nicotinoyl chloride to a solution of ribavirin in 1:1 mixture
;\' of pyridine:N,N-dimethylformamide. This solvent mixture was found to
. greatly facilitate the selectivity of the acylation of the primary hydroxyl
;-
.:: group over either of the secondary hydroxyl groups.BA This could be a
&
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consequence of having the acylating agent in a charged species (like N-
acylpyridinium chloride) in an aprotic, polar solvent, such as DMF.35’36
1-(5—Q;Nicotinoy1—B—Q—ribofuranosyl)—1,2,4—triazole—3—carboxamide (16,
BK-98937) was isolated in 44X yield as crystalline solid after column
chromatography over silica gel to separate minor, peracylated contaminants
and unreacted ribavirin. That the carbamoyl function on the aglycon
remained unacylated was confirmed by its 1H NMR spectrum in HeZSO—gs, that
shoved the carbamoyl protons at § 7.60 and 7.80 ppm. The 1H NMR spectrum

34 for the 5’'-methyleae function

also revealed an expected downfield shift
that vas consistent with 5’-0-acylation of ribavirin. Saponification of
ribavirin with 6N NaOH readily gave 1-g-D-ribofuranosyl-1,2,4-triazole-3-
carboxylic acid (17, BL-00281). A similar treatment of tiazofurin (3) with

6N NaOH furnished 2-B-D-ribofuranosylthiazole-4-carboxylic acid (18, BL-

00272).
P 0
qu/H—( Ho/u\‘j~
>~ - N
HO— O HO—,©
HO OH HO OH
3 18

Direct glycosylation of the nonsilylated 1,2,4-triazol-3(2H)-one (19)
with the blocked benzoyl sugar in the presence of the catalyst BF3.OEt2 in
a boiling polar aprotic solvent such as nitromethane gave a nucleoside
product, identified as 1-(2,3,5-tri-0-benzoyl-g-D-ribofuranosyl)-1,2,4-
triazol-3(2H)-one (20, BL-00307). No formation of other isomeric nucleo-
sides was observed. Debenzoylation of 20 with sodium methoxide in methanol

readily gave 1-B-D-ribofuranosyl-1,2,4-triazol-3(2H)-one (21, BL-00290).

11




HO OH
21

8z0 OBz
20

2. Direct Glycosylation of Preformed Fully Aromatic Pyrroles

The stereospecific synthesis of 2’-deoxyribofuranosyl nucleosides with
g-anomeric configuration has been a part of this research program. Prior
glycosylation procedures introducing the 2-deoxy-B-D-ribofuranosyl (2-
deoxy-p-D-erythro-pentofuranosyl) moiety into an azole heterocycle reported

from our laborat:ory?’."40 41-44

and by others invariably suffered from the
need to separate regioisomers and anomers at some stage of the synthetic
sequence. In view of these difficulties, a four-step deoxygenation proced-

ure using phenoxythiocarbonylation45_47 48,49

or imidazolylthiocarbonylation
of the 2’-hydroxyl group of the corresponding 3’,5’-diprotected B-D-ribonu-
cleoside has been developed to provide the requisite 2’-deoxynucleoside.
These latter procedures however, require the availability of the preformed
ribonucleoside. Although the synthesis of a number of analogs of 2’-deoxy-
adenosine by an enzymatic procedure has been reported,50 this approach is
not generally applicable to certain pyrrolopyrimidine nucleosides.51 Ve

52-57 for the

have recently employed a sodium salt glycosylation procedure

synthesis of several ribo and 2'-deoxyribofuranosyl derivatives of certain
b heterocyclic ring systems. Use of this stereospecific, single-phase sodium
salt glycosylation procedure for the synthesis of pyrrole nucleosides has
nov been found to be remarkably successful. Further ring annulation of

certain of these pyrrole nucleosides provided a route to the synthesis of

1 2’ ~deoxytoyocamycin derivatives.

12
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A search of the literature revealed that only a few pyrrole N-nucleo-

sides have been reported in the literature,sa_60

which utilized partially
hydrogénated pyrroles in the glycosylation reaction employing the
"indoline-indole" method.61 Subsequent photodehydrogenation of A3-pyrro—
line nucleoside intermediates afforded the pyrrole nucleosides. Howvever,
the present synthetic pathway involves the direct attachment of a glycon
moiety to a preformed fully aromatic pyrrole derivative.

In the present work we elected to use pyrrole—2-carbonitrile62 (22) as
one of the aglycons for glycosylation studies. The sodium salt of 22, gen-

erated in situ by NaH in anhydrous acetonitrile, vas treated with 1-chloro-

2--deoxy—3,S-di—g-g-toluoyl-—a—g—erxthro—pentofuranose63 (23) at ambient tem-

H NaH
22 TolO o
+
TolO o
TolO
Cl 24
Tol
23
\J
| ] NH, U1
N X N CN
HO o) HO— O
H Hg
258, X =0 26
b, X=8
¢, X = NOH

perature. A clean reaction was observed, and the desired 1-(2-deoxy-3,5-
di-0-p-toluoyl-B-D-erythro-pentofuranosyl)pyrrole-2-carbonitrile (24, BK-

98900) was isolated in 67% yield. No formation of the «-anomer was detect-

13
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ed in this reaction. Deprotection of the blocking groups of the glycon
moiety of 24 was accomplished by the treatment with methanolic ammonia at
room témperature to yield 1-(2-deoxy-pB-D-erythro-pentofuranosyl)pyrrole-2-
carbonitrile (26, BL-00361), in which the nitrile function was available
for further transformation reactions. The presence of the nitrile function
in 26 wvas evident as confirmed by the IR spectrum, which revealed a sharp

absorption band at 2220 cm'l.

Treatment of 26 with NH40H/H202 solution,
and purification of the reaction product by chromatography on silica gel
furnished 1-(2-deoxy-g-D-erythro-pentofuranosyl)pyrrole-2-carboxamide (25a,
BL-04145) in good yield. Reaction of 26 with HZS in pyridine containing
Et3N at room temperature gave the corresponding thiocarboxamide derivative
1-(2-deoxy-g-D-erythro-pentofuranosyl)pyrrole-2-thiocarboxamide (25b, BL-
04154). Vhen 26 was allowed to react with free NHZOH in ethanol at reflux

temperature, 1-(2-deoxy-g-D-erythro-pentofuranosyl)pyrrole-2-amidoxime

(25c, BL-07360) was formed in 90X yield.

NC NC
L W
CN > CN
27 TolO 0
TolO
28

H

293, X =0 30
b, X=8§
¢, X = NOH
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The other heterocycle that was employed for glycosylation studies was

CA i

i pyrrole—2,4—dicarbonitri1e62 (27, BK-98884). Reaction of the protected
halogeﬁose 23 with the sodium salt of 27 gave a 68X yield of 1-(2-deoxy-
. 3,5-di-0-p-toluoyl-p-D-erythro-pentofuranosyl)pyrrole-2,4-dicarbonitrile
&z ) (28, BK-98893). As in the case of 24, no formation of the a-anomer of 28

in this reaction was observed. Deprotection of the blocking groups of the

e glycon moiety of 28 was accomplished by the treatment with methanolic
EE ammonia at room temperature to yield 1-(2-deoxy-p-D-erythro-pentofurano-
;& syl)pyrrole-2,4-dicarbonitrile (30) in 74% yield. Treatment of 30 with
ﬁr NH4OH/H202 solution, and purification of the reaction product by chroma-
%; tography on silica gel furnished 1-(2-deo#y—B—Q-erzthro—pentofuranosyl)-
;3 pyrrole-2,4-dicarboxamide (29a, BL-00352) in 83% yield. Reaction of 30
§§ with HZS in pyridine gave 1-(2-deoxy-p-D-erythro-pentofuranosyl)pyrrole-
?. 2,4-bisthiocarboxamide (29b, BL-07388), which was isolated in 62% yield.
EK When 30 was allowed to react with free NH20H in EtOH at reflux temperature,
5. 1-(2-deoxy-g-D-erythro-pentofuranosyl)pyrrole-2,4-bisamidoxime (29¢, BL-
%. 07397) was formed and was isolated in 70% yield.
:ﬂ Application of this stereospecific sodium salt glycosylation procedure
é‘: for the synthesis of fully aromatic pyrrole nucleosides and further ring
5 annulation of certain of these pyrrole nucleosides provided a convenient
? route to the synthesis of 2’-deoxytoyocamycin derivatives. For the synthe-
a sis of such pyrrolo[2,3-d]pyrimidine nucleosides, 2-amino-5-bromopyrrole-
gi 3,4-dicarbonitrile (3la, BK-98875) served as a useful starting material.
>§' | Compound 3la was prepared as reported in the literature.64 The protection
ié : of the amino group of 31la was effected in 90% yield by the treatment with
s' diethoxymethylacetate in acetonitrile at reflux temperature to give 2-
é ethoxymethyleneamino-5-bromopyrrole-3,4-dicarbonitrile (32a) in excellent
:: yield. Coupling of 32a with 23 in acetonitrile furnished a 75% yield of
5t 5-bromo-2-ethoxymethylenamino-1-(2-deoxy-3,5-di-0-p-toluoyl-B-D-erythro-
..
15
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31a,X =Br 32a,X =Br

b, X =SH b, X = SEt
23
Hy
NC,
z - N EtO T CN
KN X - |§N N~ X

HO Tol0~d

H TolO
33a,X=Br 34a,X =Br
b, X= SEt b, X = SEt

pentofuranosyl)pyrrole-3,4-dicarbonitrile (34a, BL-07379), which cleanly
cyclized to 4-amino-6-bromo-7-(2-deoxy-B-D-erythro-pentofuranosyl)pyrrolo-
[2,3-d]pyrimidine-5-carbonitrile (33a) on treatment with methanolic ammonia
at room temperature.

2-Amino-5-mercaptopyrrole-3,4-dicarbonitrile (31b, BL-00343) was also
prepared as reported in the literature.64 The protection of the amino
group of 31b by the treatment with diethoxymethylacetate and subsequent
ethylation with ethyl iodide gave the key intermediate 2-ethoxymethylene-
amino-5-ethylthiopyrrole-3,4-dicarbonitrile (32b). Condensation of 32b
with the halogenose 23 in CH3CN afforded a good yield of 5-ethylthio-2-
ethoxymethylenamino-1-(2-deoxy-3,5-di-0-p-toluoyl-B-D-erythro-pentofurano-
syl)pyrrole-3,4-dicarbonitrile (34b, BL-04163), which readily cyclized to
4-amino-6-ethylthio-1-(2-deoxy-B-D-erythro-pentofuranosyl)pyrrolof2,3-d]-
pyrimidine-5-carbonitrile (33b, BL-04172) when treated with methanolic

ammonia.
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Pyrrole-2-carbonitrile (22) also served as a versatile starting

R

S ——_—
S R

N material for ribosylation studies. 2,3,5-Tri-0-benzoyl-D-ribofuranosyl

bromide (35) was freshly prepared from 1-0-acetyl-2,3,5-tri-0-benzoyl-g-D-

1ot

x ribofuranose according to the method of Fletcher and co—vorkers.65 The
2 sodium salt of 22, produced in situ by sodium hydride in dioxane, was

¢

:§ treated with 35, and the reaction product was purified on a silica gel

g column and tentatively identified as 1-(2,3,5-tri-0-benzoyl-g-D-ribofurano-
" syl)pyrrole-2-carbonitrile (36, BL-00370). Studies are under progress to
! debenzoylate 36 with HeOH/NH3 to obtain 1-B-D-ribofuranosylpyrrole-2-carbo-
! nitrile (37) and further functional group transformation of the carboni-

trile group of 37.

2 CH, NC NC H
H,C~NHCOCH; NC H,oN u
38

"

)

t; During the course of these synthetic studies, preparation of 2-amino-4-
methylpyrrole-3-carbonitrile (38, BK-98866) was also accomplished by con-
densing acetamidoacetone and malononitrile in the presence of NaOH accord-

% ing to the procedure of Wamhoff and Wehling.66
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3. Synthesis of 4-Substituted-1-g-D-ribofuranosyl-3-hydroxypyrazoles

Structurally Related to Pyrazofurin

Pyrazofurin (4-hydroxy-3-B-D-ribofuranosylpyrazole-5-carboxamide) is a
naturally occurring azolecarboxamide C-nucleoside antibiotic possessing
significant antiviral activity in cell culture against a broad spectrum of

RNA viruses67—69 at concentrations as low as 0.01 ug/mL.7o

Although pyra-
zofurin has a high degree of selectivity in its antiviral effects and shows
a rather broad safety margin in cell culture, the LD50 dose in mice is

70 De Clercq and Torrence69 suggest that this unexpected

about 5 mg/kg/day.
toxicity is probably not associated with the structural features of the
molecule responsible for the antiviral potency. However, the toxicity of
pyrazofurin is such that it cannot be separated from its antiviral effi-

cacy in animals.71’72

In an effort to decrease the toxic properties of
pyrazofurin and hopefully retain the antiviral potency, we have now synthe-

sized certain N-nucleoside congeners of pyrazofurin.
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Glycosylation of the TMS derivative of ethyl 3(5)-hydroxypyrazole-4-

carboxylate (BK-38388) with 1-0-acetyl-2,3,5-tri-0-benzoyl-D-ribofuranose
in anhidrous CH3CN in the presence of 1.4 molar equivalent of TMS-triflate
at ambient temperature gave predominantly ethyl 3-hydroxy-1-(2,3,5-tri-0-
benzoyl-g-D-ribofuranosyl)pyrazole-4-carboxylate (39). Benzylation of the
sodium salt of 39, produced in situ by NaH in CH3CN, with benzyl bromide
gave ethyl 3-benzyloxy-1-(2,3,5-tri-0-benzoyl-g-D-ribofuranosyl)pyrazole-
4-carboxylate (40) in excellent yield. Ammonolysis of 40 with HeOH/NH3
furnished 3-benzyloxy-1-g-D-ribofuranosylpyrazole-4-carboxamide (4la) in
over 80X yield. Acetylation of 4la with acetic anhydride in the presence
of DMAP at ambient temperature gave 3-benzyloxy-1-(2,3,5-tri-0-acetyl-g-D-
ribofuranosyl)pyrazole-4-carboxamide (41b), which on dehydration with POCl3
in the presence of N,N-diethylaniline at room temperature provided 3-ben-
zyloxy-1-(2,3,5-tri-0-acetyl-p-D-ribofuranosyl)pyrazole-4-carbonitrile
(44a). Deacetylation of 44a with liquid NH3 gave crystalline 3-benzyloxy-
1-B-D-ribofuranosylpyrazole-4-carbonitrile (44b, BK-96675). Compound 44b
revealed a strong CsN stretching at 2210 cm_1 in the IR spectrum. Further
treatment of 44a with BZS in a pyridine solution at room temperature, and
subsequent deacetylation of the reaction product (43a) with HeOH/NH3 fur-
nished 3-benzyloxy-1-B-D-ribofuranosylpyrazole-4-thiocarboxamide (43b, BK-
96666). Attempted reductive clearage of the benzyl ether of either 43a or

43b with Pd/C, Na/NH373 or sodium naphthalene74

in THF resulted in an
intractable reaction mixture from which the desired debenzylated product of
43b could not be isolated.

Saponification of the ester function of 40 by the treatment of 6N NaOH

at room temperature gave 3-benzyloxy-1-B-D-ribofuranosylpyrazole-4-carboxy-

lic acid (42a, BL-04127), which on catalytic hydrogenation readily provided

3-hydroxy-1-g-D-ribofuranosylpyrazole-4-carboxylic acid (42b, BL-04136).

PP g




The absolute structural assignment of 42a was made on the basis of single-

crystal X-ray crystallographic studies. (See Appendix).

: ' 4. Synthesis of 4-Amino-8-(B-D-ribofuranosylamino)pyrimido[5,4-d}pyrimi-

dine and Other Miscellaneous Compounds

In viev of the potent broad spectrum antiviral activity of 4-amino-8-
N (8-D-ribofuranosylamino)pyrimido(5,4-d]pyrimidine (46, BJ-76187) in cell
vy culture,75 and significant in vivo activity against Rift Valley fever

virus76, more of BJ-76187 has been prepared as reported.75 Treatment of

§ 9-(2,3,S—tri—g-acetyl—S—Q—ribofuranosyl)purine-6—carbonitrile77 (43) vith a
[ '

k large excess of NH40H at room temperature gave the rearrangement product 46
[

i in an 80X yield.

. CN NH,

) z l N)J z |

) NH

. o
‘ AcO HO o
4 AcO OA

c c
HO OH

. 45

. 46
i

‘b Neplanocins are a group of novel carbocyclic analogs of purine nucleo-
o sides vhich are isolated from the culture filtrate of Ampullarilla

' regularis A11079. These antibiotics exhibit potent antitumor properties.
'l

)
} The culture filtrates of a fermentation broth produced by neplanocin A-

' producer CL-1018 was obtained from Warner-Lambert Pharmaceutical Research

1

1
Q) Division, Ann Arbor, Michigan. 1Isolation of the antibiotic neplanocin A
0

]
,ﬁ wvas performed by the successive column chromatography on ion-exchange resin
; and charcoal, and by partition.78 Neplanocin A (47, BL-04118) was isolated
[

w as the major product, and fully characterized.
b 20
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Methylation of 9—ﬁ~2-ribofuranosylpurine—6—thione79 (48) with methyl
iodide under alkaline conditions gave 6-methylthio-9-g-D-ribofuranosyl-
purine (49, BK-98928).

Several heterocyclic precursors, needed either for further ring annu-
lation or for glycosylation studies, have been prepared. When purine-6-
thiol (50) was suspended in a mixture of MeOH, aqueous hydrofluoric acid
and KF and treated with chlorine gas near 0°C, purine-6-sulfonyl fluoride80

(51, BL-00263) was formed in about 90% yield.

In an effort to prepare 4-amino-6-methyl-2-methylthiopyrrolo[2,3-d]-

pyrimidine (34), the readily available 6-methyl-2-thiopyrrolo[2,3-d]pyrim-

5

idine-4(1H,3H)-dione 3 (52) vas methylated with methyl iodide to obtain the

corresponding 2-methylthio derivative (53). Chlorination of 33 with POCl3
in the presence of N,N-dimethylaniline afforded 4-chloro-6-methyl-2-methyl-
thiopyrrolo[2,3-d]lpyrimidine (55). Ammonolysis of 35 with HeOH/NH3 gave

the desired 54 (BK-96693) in good yield.>>

21

""*- v ‘f"(\h'\..’;' \,\-. ’ .. .(..‘_ ( > -.\:\J:.".‘_'.'.\..-_._- _}\"‘:.J-":‘(..;‘\;-:‘4’:_;..‘_;,...:.._;’\.. “‘" ‘;-\;.:' -
X Baul aih - »

8%,




ol

-~
el

» -

. .. -

5

P

‘ -

H

NH,
g
Hscskj:nlcus h
54

Methylation of methyl 2-chloro-5-cyanomethylimidazole-4-carboxylate

o
~-

HyCs™ X N~ CH,

53

o b
)
HiCS N~ N CH,
55

81

(36) with dimethyl sulfate under alkaline conditions gave a monomethylated

product identified as methyl 2-chloro-5-cyanomethyl-3-methylimidazole-4-

carboxylate (57, BK-96684).

HyC
NC

S6

N
l n/‘Lm —

N/ CH3

Aa

In an attempt to prepare the azapentalene imidazo[1,5-a]imidazole,

wvhich will be employed for glycosylation studies, nitration of 2-nitro-

;32 NO,
N TH . N TH
28 59
Br l
Y g
z
| . o
H NO,
60 61
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imidazole82 (azomycin, 58) was considered. Thus nitration of 58 with 86X
HNO, at elevated temperature gave 2,4(5)-dinitroinidazole®® (59, BK-98919).
Selective displacement of the nitro group in position 2 of 39 should give
2-bromo-4(5)-nitroimidazole (61), vhich on further ring annulation is ex-
pected to give the desired 5-bromoimidazo[1l,5-a]imidazole (60) and these

studies are in progress.

TII. EXPERIMENTAL
Melting points were taken on a Thomas-Hoover capillary melting point
apparatus and are uncorrected. Nuclear magnetic resonance (1H NMR) spectra

vere determined at 89.6 MEz with a JEOL FX-90Q spectrometer. The chemical

shift values are expressed in 8§ values (parts per million) relative to
tetramethylsilane as an internal standard. The presence of solvent as
indicated by elemental analysis was verified by 1H NMR. Infrared spectra
(IR) were obtained on a Beckman Acculab 2 spectrophotometer and ultraviolet
spectra (UV; sh = shoulder) were recorded on a Cary Model 15 spectrophoto-
meter. Elemental analyses were performed by Robertson Laboratory, Florham
Park, N.J. Thin-layer chromatography (TLC) was run on silica gel 60 F-254
plates (EM Reagents). E. Merck silica gel (230-400 mesh) was used for
column chromatography. All solvents used were reagent grade. Detection of
nucleoside components on TLC was by UV light and with 10% HZSO4 in MeOH
spray followed by heating. Evaporations were carried out under reduced

pressure with the bath temperature below 30°C.

1-(2,3-0-Isopropylidene-5-0-p-tolylsulfonyl-g-D-ribofuranosyl)-1,2,4~

triazole-3-carboxamide (6a). A suspension of 2’,3'-0-isopropylidene riba-

virin28 (3, 2.84 g, 10 mmol) in anhydrous pyridine (35 mL) was cooled to
0°C in an ice bath, p-toluenesulfonyl chloride (2.10 g, 11 mmol) was added,

and the mixture was stirred for 22 hr while being cooled in an ice bath.



The solution was concentrated to one-third of its original volume, and the
resulting syrup was poured, with stirring, into ice-water (200 mL). The

resultfng gummy precipitate was extracted with EtOAc (200 nL), the organic
phase was dried (Na2804) and evaporated to dryness. Crystallization of the

residue from benzene gave colorless needles; yield 3.90 g (89%); mp 132-

134°C.
Chromatography: Absorbent - silica gel
Solvent - CHZCIZ:HeOH, 9:1, v/v
Infrared (KBr): Major bands - 780, 805, 860, 970, 1085, 1100,
1170 1210, 1270, 1350, 1450, 1590, 1680, 2980,
3120, 3180, 3350 and 3460 cm. !
lg_ygg (HeZSO—g6): § 1.28 and 1.46 (2s, 6, ZC§3), 2.40 (s, 1,
CHy), 6.32 (d, 1, J = 0.5 Hz, C;,H), 7.32-7.80
(m, 6, aromatic protons and CONﬂz)v 8.72 (s, 1,
CcH).
c B N s
Analysis: Calced for C18822N407S: 49.32 5.06 12.78 7.30
Found: 49.32 5.09 13.07 7.47

1-(2,3-0-Isopropylidene-5-azido-5-deoxy-p-D-ribofuranosyl)-1,2,4-

triazole-3-carboxamide (6b). A solution of 6a (4.38 g, 10 mmol) and sodium

azide (1.95 g, 30 mmol) in dry DMF (150 mL) was stirred for 10 hr at 85-
90°C and evaporated to dryness at 50°C. The residue was co-evaporated
several times with EtOH and then triturated with cold water (3150 mL). The
solid that separated was collected by filtration and crystallized from MeOH

to yield 2.70 g (87.4%) of 6b; mp 184-186°C (dec.).
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Chromatography: Absorbent - silica gel

Solvent - CHZCIZ:MeOH, 9:1, v/v
Infrared (KBr): Major bands - 760, 800, 840, 860, 980, 1005,
1030, 1070, 1090, 1160, 1180, 1210, 1250, 1280,

1340, 1380, 1460, 1600, 1710, 2100, 3000, 3320 .

and 3480 cm.”!
Ultraviolet: Xmax (pB 7) 266 nm (¢ 2,800);
Amax (pH 11) 260 nm (e 1,100).
lg_gﬂg (HeZSO—g6): 8§ 1.32 and 1.50 (2s, 6, 2CHy), 6.38 (d, 1, J =
1.8 Hz, Cl,g), 7.70 and 7.92 (2s, 2, CONQZ), ]
8.87 (s, 1, CcH). 4
c N
Analysis: Caled for 011H15N704: 42.72  4.89 31.70
Found: 42.56  4.79  31.47

1-(5-Deoxy-5-azido-B-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide

(9a). A suspension of compound 6b (6.18 g, 20 mmol) in 80% acetic acid

P, PR L LN

(200 mL) was heated on a steam bath for 2 hr. A clear solution thus ob-
tained was evaporated to dryness and the residue was purified on a silica
gel column (2.5 x 40 cm) using CHC13:MeOH (6:1, v/v) as the eluent.
Crystallization of the homogeneous product from MeOH gave 4.40 g (83.6%) of

9a; mp 124-125°C.

Chromatography: Absorbent - silica gel '
v
Solvent - CHCl3:MeOH, 9:1, v/v ]

Infrared (KBr): Major bands - 69C, 750, 820, 850, 910, 960,

1020, 1060, 1125, 1180, 1215, 1270, 1440, 1480,

1610, 1650, 2100, 2920 and 3420 cm. ! b

'H NMR (Me,50-d,): §5.92 (4, 1, J = 2.0 Hz, C,,H), 7.63 and 7.83 :

(2 br s, 2, CONH,), 8.85 (s, 1, C.H).
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Analysis: Caled for C8H11N704: 35.69 4,12 36.42

Found: 35.82 3.99 36.20

1-(2,3-0-Isopropylidene-5-deoxy-5~phthaloylamino-B-D-ribofuranosyl)-

1,2,4-triazole-3-carboxamide (8). To a cold (0-5°C) solution of tri-

phenylphosphine (3.0 g, 12 mmol) and diisopropyl azodicarboxylate (2.50 g,
12 mmol) in anhydrous THF (50 mL) were added 5 (2.84 g, 10 mmol) and
phthalimide (1.47 g, 10 mmol). After stirring at room temperature for 15
hr under anhydrous conditions, the reaction mixture was evaporated to
dryness. The residue was triturated with MeOH (50 mL) and filtered. The
filtrate vas adsorbed onto silica gel (20 g). The excess solvent was
evaporated. Co-evaporation with toluene (3 x 50 mL) from the solid mass
gave dry residue, which was loaded onto a silica gel column (4 x 40 cm)

Ccl

packed in CH The column was eluted with CH2C12:He0H (9:1, v/v). The

2772
homogeneous fractions were pooled and evaporated to yield 2.50 g (60%) of
the title compound as amorphous foam.

Chromatography: Absorbent - silica gel

Solvent - CH2012:MeOH, 9:1, v/v

Infrared (KBr): Major bands - 1700, 1760, 3200 - 3500 cm._1
'H NMR (Me,S0-d,): 51.32 and 1.48 (2s, 6, 2CH,), 6.38 (d, 1, J =
<0.5 Hz, Cy,H), 7.70-7.88 (m, 6, CONH,).
c H N
Analysis: Caled for C19H1gN50¢: 55.20 4.63 16.94
Found: 54.97 4.74 16.77

1-(5-Amino-5-deoxy-B-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide

(9b). Method A. A mixture of 8 (1.03 g, 2.5 mmol) and n-butylamine (2 mL)

in MeOH (10 mL) was heated under reflux for 12 hr, and then evaporated to

26
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dryness. The residue was purified on a silica gel column (2.5 x 25 cm)

using CHCl3=HeOH (9:1, v/v) as the eluent, and crystallized from MeOH to
yield 0.35 (50%) of 1-(2,3-0-isopropylidene-5-amino-5-deoxy-g-D-ribofurano-
syl)-1,2,4-triazole-3-carboxamide (6c); mp >70°C (dec.).

Chromatography: Absorbent - silica gel

Solvent - EtOAc:EtOH:H,0, 2:1:1, v/v

2
Infrared (KBr): Major bands - 700, 880, 1030, 1080, 1100, 1160,
1190, 1220, 1285, 1390, 1470, 1600, 1690, 2940,

2980, 3120 - 3380 cm.” !
1

H NMR (Me,50-d.): § 1.32 and 1.49 (2s, 6, 2CH,), 6.22 (d, 1, J =
2.0 Hz, C;,H), 7.66 and 7.88 (2br s, 2, CONH,),
8.85 (s, 1, CcH).
c & N
Analysis: Calced for C11H17N504.1/2H20: 45.20 6.20 23.96
Found: 45.47 6.24 23.68

Deisopropylidenation of 6c with 80% acetic acid as described for 9a
gave 5’'-amino-5’-deoxyribavirin (9b) as hygroscopic solid in 80X yield; mp
>130°C (dec.).

3 Chromatography: Absorbent - silica gel
Solvent - EtOAc:HZO:E-PrOH, 4:2:1, upper phase
Infrared (KBr): Major bands - 1670, 3100 - 3400 cm.'1
lg_gyg (MeZSO-QG): § 3.16 (br s, 2, CS,-N§2, exchanged with DZO)'
5.84 (d, 1, J = 3.7 Hz, C,/H), 7.63 and 7.84

(2 br s, 2, CONH,), 8.89 (s, 1, CcH).

c H N
Analysis: Calced for C8H13N504.1/2H20+Et0H: 39,27 6.22 25.44
) Found: 39.35 5.98  25.44
[
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Method B. A mixture of compound 9a (2.69 g, 10 mmol) and 10% Pd/C

(2.0 g) in EtOH:HZO (1:1, v/v, 200 mL) was hydrogenated for 3 hr at room
temperéture at 37 psi. The catalyst was removed by filtration through a
Celite pad, and the filtrate was concentrated to a small volume. To the
concentrate was added ether and the solid that separated was collected by
filtration. The solid was washed with a small amount of cold 50% aqueous
EtOH (2 x 10 mL), followed by ether and crystallized from aqueous ethanol
as hygroscopic solid, 1.70 g (70%); mp >130°C (dec.). This compound was

identical in all respects to 9b prepared by Method A.

1-(2,3-0-Isopropylidene-5-deoxy-5-acetylthio-g-D-ribofuranosyl)-1,2,4-

triazole-3-carboxamide (4a). Triphenylphosphine (5.25 g, 20 mmol) and

diisopropyl azodicarboxylate (4.16 g, 20 mmol) were dissolved in anhydrous
cold (0-5°C) THF (50 mL). To the solution was added a mixture of 2’,3/-0-
isopropylidene ribavirin28 (5, 2.84 g, 10 mmol) and thiolacetic acid (1.43
mL, 20 mmol) in THF (25 mL), dropwise, with stirring. The reaction mixture
was stirred at ice bath temperature for 1 hr and then at ambient tempera-
ture for an additional 1 hr. A clear yellow solution was obtained, which
was evaporated to dryness. The residue was triturated with MeOH (50 mL)
and filtered. The filtrate was adsorbed onto silica gel (20 g). The
excess solvent was evaporated. Co-evaporation with toluene (3 x 50 mL)
from the solid mass gave dry residue, which was loaded onto a silica gel
column (4 x 40 cm) packed in CH2C12. The column was eluted with CH2C12:
MeOH (9:1, v/v). The homogeneous fractions were pooled and evaporated to
yield 3.13 g (91.5%) of the title compound; mp 105-110°C.

Chromatography: Absorbent - silica gel

Solvent - EtOAc:HZO:gPrOH, 4:2:1, upper phase

1

Infrared (KBr): Major bands - 1590, 1680, 2980 and 3440 cm.




H MR (Me,S0-d(): § 1.32 and 1.48 (2s, 6, 2CH,), 2.32 (s, 3,
SCOCH,), 6.32 (d, 1, J = 0.5 Hz, C;,H), 7.68
and 7.88 (2 br s, 2, CONEZ), 8.84 (s, 1, ng).

c B N 8

Analysis: Calcd for C13H18N4055.1/2520: 44,44 5,45 15.94 9.12

Found: 44.48 5.21 15.71 8.96

1-(2,3-0-Isopropylidene-5-deoxy-5-thio-f-D-ribofuranosyl)-1,2,4-tria-

zole-3-carboxamide (4b). A solution of 4a (17.12 g, 50 mmol) in absolute

MeOH (500 mL) was adjusted to pH 9 with 1N NaOMe in MeOH and the resulting
mixture was stirred at room temperature fér 3 days with the exclusion of
moistufe. The reaction mixture was neutralized with Amberlite-IRC 120(H+)
ion-exchange resin. The resin was removed by filtration and the filtrate
evaporated to dryness. The residual foam was purified on a silica gel
column (4 x 40 cm) using CHCl3:MeOH (6:1 v/v) as the eluent. The desired
homogeneous fractions were pooled, solvent evaporated and the residue was

crystallized from MeOH to yield 7.20 g (48%) of 4b; mp >85°C (foams).

Chromatography: Absorbent - silica gel
Solvent - CHCl3:MeOH, 6:1, v/v
Infrared (KBr): Major bands - 690, 750, 865, 1020, 1070, 1090,
1150, 1175, 1205, 1270, 1370, 1440, 1480,
1590, 1670, 1685, 2920 and 3450 cm.
15_555 (MeZSO-QG): § 1.32 and 1.48 (2s, 6, 2CHy), 6.32 (d, 1, J =
0.5 Hz, Cl,g), 7.68 and 7.82 (2 br s, 2,
CONH, ), 8.82 (s, 1, CcH).
c H®H N s
Analysis: Calcd for 011H16N404S: 43,99 5.37 18.66 10.69

Found: 43,72 5.10 18.46 10.50
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1-(5-Deoxy-5-thio-g-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (7).

A suspension of compound 4b (3.0 g, 10 mmol) in 80% acetic acid (100 mL)
vas heated on a steam bath for 2 hr. A clear solution thus obtained was
evaporated to dryness and the residue was purified on a silica gel column
(2.5 x 40 cm) using CHCl3:Me0H (6:1, v/v) as the eluent. Crystallization
of the homogeneous product from MeOH gave 2.10 g (80%) of the title com-

pound; mp >100°C (foams).

Chromatography: Absorbent - silica gel
Solvent - CHCl3:Me0H, 6:1,v/v

Infrared (KBr): Major bands - 700, 760, 830, 1020, 1080, 1110,
1180, 1280, 1440, 1460, 1480, 1590, 1670, 2920
and 3420 cm.

lg_ygg (MeZSO—QG): §5.90 (d, 1, J = 3.5 Hz, C,,H), 7.66 and 7.90
(2 br s, 2, CONH,), 8.88 (s, 1, C5H).

c ® N 8
Analysis: Calcd for C8H12N4045: 36.92 4.65 21.53 12.32
Found: 36.93 4.64 21.31 12.06

2-(2,3-0-Isopropylidene-5-0-p-tolylsulfonyl-B-D-ribofuranosyl)thiazole-

4-carboxamide (1lla). 1In a similar manner as for 6a, treatment of 2/,3'-0-

is0propylidenetiazofurin20 (10, 6.0 g, 20 mmol) with p-toluenesulfonyl
chloride (4.20 g, 22 mmol) in anhydrous pyridine, and purification of the
reaction product on a silica gel column (4 x 50 cm) using CHCl3:MeOH (6:1,

v/v) gave 6.30 g (69.3%) of lla as homogeneous foam.

Chromatography: Absorbent - silica gel
Solvent - CHC13:MeOH, 8:2, v/v
Infrared (KBr): Major bands - 1175, 1360, 1670 and 3440 cm._1
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Ultraviolet: XMax (pH 1 and 7) 224 nm (¢ 21,000), 266 sh
(9,000);

Xmax (pH 11) 222 nm (e 21,300), 266 sh (9,500).

'H NMR (Me,S0-d): 5 1.36 and 1.58 (2s, 6, 2CH,), 2.44 (s, 1,

C§3), 5.22 (d, 1, J = 3.5 Hz, Cl,g), 6.40,
7.30-7.70 (m, 6, CON_I!2 and aromatic protons),
8.12 (s, 1, CcH).
c B N s
Analysis: Calcd for C19Hy,N-0,8,: 50.21 4.88 6.16 14.10

22727772°
Found: 50.36 5.07 6.31 13.89

2-(2,3-0-Isopropylidene-5-azido-5-deoxy-B-D-ribofuranosyl)thiazole-4-

carboxamide (11b). A solution of 1lla (5.91 g, 13 mmol) and lithium azide
(1.90 g, 39 mmol) in dry DMF (120 mL) was stirred at 85-90°C for 20 hr and
evaporated to dryness at 50°C. The residue was co-evaporated several times
with EtOH and then triturated with cold water (150 mL). The gummy residue
was extracted with EtOAc, dried (NaZSOA) and evaporated to dryness. The
residue was purified on a silica gel column (2.5 x 40 cm) using CHC13:HeOH
(6:1, v/v) as the eluent to give 3.50 g (82.7X) of 11b as homogeneous foam.

Chromatography: Absorbent - silica gel

Solvent - CHCl3:MeOH, 8:2, v/v

Infrared (KBr): Major bands - 1685, 2110 and 3080 - 3480 cm.'1
Ultraviolet: Amax (pH 1) 238 nm (€ 6,800);

xmax (pH 7 and 11) 238 nm (& 6,900).
18 NMR (Hest—g6): 8§ 1.32 and 1.52 (2s, 6, 2C§3), 5.28 (d, 1, J =

3.5 Hz, Cl,ﬂ), 7.58 and 7.76 (2 br s, 2,

CONH,), 8.30 (s, 1, CcH).




Analysis:

Calcd for C12H15N5045: 44,30 4.65 21.53 9.85

Found: 44.60 4.73 21.37 9.63

2-(5-Azido-5-deoxy-B-D-ribofuranosyl)thiazole-4-carboxamide (12). 1In a

similar manner as for 7, deisopropylidenation of 11b (3.57 g, 11 mmol) with

80X acetic acid (100 mL) gave 2.50 g (81.5%) of 12; mp 119-120°C.

Chromatography:

Infrared (KBr):

Ultraviolet:

'H NHR (Me,S0-d

Analysis:

6)*

Absorbent - silica gel

Solvent - CHCl,:MeOH, 9:1, v/v

3
Major bands - 790, 930, 1040, 1055, 1085,

1110, 1130, 1200, 1285, 1340, 1390, 1430,

1490, 1520, 1610, 1660, 2100, 2920 - 3420

cm._1

Ajax (PH 1 and 7) 237 nm (e 7,700);

xmax (pH 11) 237 nm (¢ 7,100).

§5.02 (4, 1, J = 3.5 Hz, C;,H), 7.56 and
7.68 (2 br s, 2, CONH,), 8.25 (s, 1, CcH).

c ® N s

Calcd for C9H11N5048: 37.89 3.89 24.55 11.24

Found: 37.84 3.92 24.35 11.17

2-(5-Amino-5-deoxy-B-D-ribofuranosyl)thiazole-4-carboxamide (15). A

mixture of compound 12 (2.56 g, 9 mmol) and 10X Pd/C (2.0 g) in EtOH:H

2O

(1:1, v/v, 200 mL) was hydrogenated for 6 hr at room temperature at 35 psi.

The catalyst was removed by filtration through a Celite pad, and the fil-

trate was evaporated to dryness. The residue was crystallized from MeOH to

yield 1.50 g (66X) of 15 as colorless needles; mp 189-190°C.
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Chromatography: Absorbent - silica gel

Solvent - CHCl3:HeOH, 8:2, v/v

Infrared (KBr): Major bands - 1650, 1670, 3100 - 3500 cm.'1
Ultraviolet: Xmax (pH 1) 238 nm (¢ 6,630);
Xmax (pH 7) 238 nm (& 6,900);
Apax (PH 11) 237 nm (e 6,400).
1B NMR (Me,S0-d): 83.28 (br s, 1, Cg,-NHy, exchanged vith D,0),
4.96 (d, 1, J = 5.5 Hz, Cl,g), 7.60 and 7.70
(2 br s, 2, CONH,), 8.24 (s, 1, CgH).
c B N s
Analysis: Calcd for CoH;4N30,5: 41.69 5.05 16.21 12.37
Found: 41.92 5.33 15.97 12.48

2-(2,3-0-Isopropylidene-5-deoxy-5-acetylthio-8-D-ribofuranosyl)thia-

zole-4-carboxamide (13a). 1In a similar manner as for 4a, treatment of

2—(2,3—Q-isopropylidene—B—Q—ribofuranosyl)thiazole—4-carboxamide20 (10,
3.0 g, 10 mmol) with triphenylphosphine (5.25 g, 20 mmol), diisopropyl
azodicarboxylate (4.16 g, 20 mmol) and thiolacetic acid (1.43 mL, 20 mmol)
in anhydrous THF (50 mL) gave 3.0 g (84%) of 13a as colorless needles; mp
159-161°C (dec.).

Chromatography: Absorbent - silica gel

Solvent - CHCl,:MeOH, 9:1, v/v

3
Infrared (KBr): Major bands - 620, 750, 860, 970, 1045,

1060, 1090, 1125, 1150, 1200, 1220, 1260,

1355, 1470, 1585, 1660, 2920, 2980 and
3460 cm. !

Ultraviolet: Amax (pH 1) 229 nm (¢ 14,500);

. Anay (PH 7) 228 nm (€ 14,700);

nax (PH 11) 228 nm (€ 15,400).
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IB NMR (HeZSO—g6): 8§ 1.30 and 1.48 (2s, 6, 2C§3), 2.36 (s, 3,

SC0C§3), 5.26 (d, 1, J = 3.5 Hz, Cl,g), 7.58

and 7.66 (2 br s, 2, C0N§2), 8.26 (s, 1,

CsH).

c B N s
Analysis: Calced for C14818N20552: 46.91 5.06 7.82 17.89
Found: 47.17 5.07 7.88 18.02

2-(2,3-0-Isopropylidene-5-deoxy-5~thio-B-D-ribofuranosyl)thiazole-4-

carboxamide (13b). 1In a similar manner as for 4b, treatment of 13a
(1.07 g, 3 mmol) with 1IN NaOMe in MeOH gave 0.50 g (53X) of 13b as amor-

phous solid.

Chromatography: Absorbent - silica gel
Solvent - CHCl3:MeOH, 8:2, v/v
Infrared (KBr): Major bands - 1670, 3340 - 3450 c:m.-1
Ultraviolet: Xmax (pH 1) 236 nm (£ 3,600);
Xmax (pB 7) 236 nm (e 3,800);
xmax (pH 11) 236 nm (& 4,700).
1§_§§§ (He280—96): 8§ 1.33 and 1.52 (2s, 6, ZC§3), 5.30 (d, 1,
J = 3.5 Hz, Cl,g), 7.60 and 7.80 (2 br s, 2,
CONH,), 8.28 (s, 1, ng).
c H N s
Analysis: Calcd for C12H16N204S: 45.55 5.10 8.85 20.27
Found: 45.55 4.86 8.77 20.16

2-(5-Deoxy~5-thio-g-D-ribofuranosyl)thiazole-4-carboxamide (14). 1In a

similar manner as for 7, treatment of 13b (0.94 g, 3 mmol) with 80% aqueous
acetic acid (50 mL) at 100°C for 2 hr gave 0.70 g (84%) of 14 as needles

(from aqueous EtOH); mp 236-238°C.
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Chromatography:

Infrared (KBr):

Ultraviolet:

'H NMR (Me,50-d):

Analysis:

Absorbent - silica gel

Solvent - CHC1,:MeQH, 8:2, v/v

3
Major bands - 1660, 3200 - 3400 cm.”

1
Xmax (pH 1) 238 nm (¢ 6,600);

Xmax (pH 7) 238 nm (€ 6,900);

dmax (pH 11) 238 nm (& 7,200).

8§ 5.50 (d, 1, J = 5.5 Hz, Cy,/H), 7.56 and
7.68 (2 br s, 2, CONH,), 8.21 (s, 1, CcH).

c & N s

Calcd for 09H N,0,S 39.12 4.38 10.14 23.20

127274°2°

Found: 39.34 4.10 10.10 22.92

1-g-D-Ribofuranosyl-1,2,4-triazole-3-carboxylic acid (17). To a

Chromatography:

Infrared (KBr):

1
H NMR (Me,S0-d):

vith Dowex-50 (H+) resin.

solution of ribavirin (1.22 g, 5 mmol) in water (20 mL) was added 6N NaOH
(3 mL) and the mixture was stirred at room temperature for 24 hr. WVater
wvas evaporated and the residue was triturated with EtOH (3 x 10 mL). The
residual solid was dissolved in water (10 mL) and the solution neutralized
The resin was removed by filtration, the fil-
trate evaporated to dryness and the residue was crystallized from water to

yield 1.10 g (90%) of the title compound; mp 187°C.

Absorbent - silica gel
Solvent - EtOAc:HZO:E_PrOH, 4:2:1, upper
phase

Major bands - 675, 735, 810, 1010, 1040,
1080, 1200, 1225, 1270, 1430, 1450, 1470,
1600, 1710, 2900 and 3400 cm. >

$ 5.8 (d, 1, J = 3.5 Hz, Cl,g), 8.82 (s, 1,

ng) and other sugar protons.

N




e}
I
|2

871173762
Found: 36.32 4,75 15.70

Analysis: Caled for C,H,,N,0,.H,0: 36.50 4.97 15.96

1-(5-0-Nicotinoyl-B-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide (16).

To a stirred solution of dry ribavirin (3.66 g, 15 mmol) in pyridine:N,N-
dimethylformamide (1:1, v/v, 150 mL), cooled to 0°C in an ice bath was T
added, dropwise, freshly distilled nicotinoyl chloride (2.14 g, 15.15

mmol). The clear reaction mixture was stirred at 0°C for 15 hr at the end

of which time water (15 mL) was added, and the solvents were evaporated at

50°C. The residue was dissolved in MeOH (50 mL) and adsorbed onto silica

gel (10 g). The excess solvent was evaporated under reduced pressure. Co-
evaporation with toluene (3 x 50 mL) from the solid mass gave dry residue, !
vhich was loaded onto a silica gel column (4 x 40 cm) packed in CHC13. The
column was eluted with CHCl3:He0H (9:1, v/v). The appropriate homogeneous

fractions were combined and the solvents evaporated. The residue was

crystallized from MeOH to yield 2.30 g (44%) of the title compound; mp

178°cC. i
Chromatography: Absorbent - silica gel
Solvent - CHC13:Me0H, 6:3, v/v
Infrared (KBr): Major bands - 700, 750, 910, 1030, 1060, 3
1120, 1195, 1290, 1380, 1430, 1475, 1500,
1600, 1700, 2960 - 3500 cm.”: ;
;
Ultraviolet: Apay (PH 1) 258 nm (e 8,000); ‘
Anax (PH 7) 260 nm (& 5,200); f
Apax (PH 11) 259 nm (e 5,200). E
13_555 (Me,S0-d,): §5.95(d, 1, J = 2.5 Hz, Cy,H), 7.50-9.05 '

(m, 7, CONH,, C.H and pyridyl protons).
dp0 gl
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Analysis: Caled for C14H15N506: 48.14 4.32 20.04

Found: 48.09 4.60 19.84

2-p-D-Ribofuranosylthiazole-4-carboxylic acid (18). In a similar

manner as for 17, saponification of tiazofurin (2.60 g, 10 mmol) with 6N

NaOH (6 mL) at room temperature gave 18, yield 2.40 g (92%); mp 72°C

(dec.).
Chromatography: Absorbent - silica gel
Solvent - EtOAc:HZO:g—PrOH, 4:2:1, upper
phase
Infrared (KBr): Major bands - 685, 745, 1040, 1100, 1220,
1330, 1445, 1485, 1700, 2920 and 3410 cm._1
Ultraviolet: Xmax (pH 1) 248 nm (e 6,800);
Xmax (pH 7) 246 nm (g 5,200);
xmax (pH 11) 246 nm (e 5,000).
c B N S
Analysis: Calcd for 09H11N06S: 41.38 4.24 5.36 12.25
Found: 41.61 4.12 5.62 12.46

1-(2,3,5-Tri-0-benzoyl-B-D-ribofuranosyl)-1,2,4-triazol-3(2H)-one (20).

A mixture of 1,2,4-triazol-3(2H)-one (19, 0.65 g, 7.7 mmol) and 1-O-acetyl-
2,3,5-tri-0-benzoyl-D-ribofuranose (5.80 g, 11.5 mmol) in dry nitromethane
(150 mL) was brought to reflux temperature whereupon freshly distilled
boron trifluoride etherate (1.46 mL, 11.6 mmol) was added through the con-
denser by syringe. After 40 min an additional charge of the sugar (1.50 g,
2.9 mmol) and the catalyst (0.5 mL, 3.9 mmol) was added to the refluxing

reaction mixture. After 90 min of total reaction time, the solution was

cooled and evaporated to dryness. The residue was dissolved in ethyl




acetate (200 mL) and vashed with saturated aqueous NaHCO3 solution (2 x 100
mL), followed by water (2 x 100 mL). After drying over anhydrous NaZSOA’
the soivent vas evaporated to dryness. The residue was crystallized from
methanol to yield 2.52 g (62%), mp 255°C.

Chromatography: Absorbent - silica gel

Solvent - CHCl3:acetone, 8:2, v/v
Infrared (KBr): Major bands -~ 710, 935, 1025, 1070, 1110,

1180, 1265, 1310, 1450, 1490, 1600, 1720,

2840, 3060, 3160, 3440 cm. 1
Ultraviolet: Amax (MeOH) 228 nm (¢ 24,600), 278 (1,300).
c H N
Analysis: Calcd for C28H23N308: 63.51 4,37 7.93
Found: 63.78 4.36 7.86

1-g-D-Ribofuranosyl-1,2,4-triazol-3(2H)-one (21). To a solution of 20

(5.29 g, 10 mmol) in MeOH (100 mL) was added NaOMe till the pH of the solu-
tion was between 9-10, and the mixture was stirred at room temperature for
18 hr with the exclusion of moisture. After neutralization with Dowex-50

’ (H+) resin, the reaction mixture was evaporated to dryness. The residue
was dissolved in water (100 mL), the aqueous solution was extracted with

' ether (3 x 50 mL), and then evaporated to dryness. The residue was tri-

turated with anhydrous ether, the solid that separated was collected and

crystallized from aqueous ethanol to yield 1.41 g (65%) of 21, mp 155°C.

Chromatography: Absorbent - silica gel

Solvent - CHCl,:MeOH, 6:1, v/v

3
Infrared (KBr): Major bands - 730, 860, 910, 950, 1000,

1050, 1110, 1130, 1220, 1300, 1320, 1340,
1420, 1565, 1710, 1725, 294C, 3080, 3150

and 3420 cm._1

...........
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1

H NMR (HeZSO—QG): $§ 5.40 (d, 1, J = 3.5 Hz, Cl,g), 7.84 (s,
1, Csﬂ).
c H N
Analysis: Calcd for C7H11N305: 38.70 5.10 19.34
Found: 38.60 5.15 19.19

1-(2-Deoxy-3,5-di-0-p-toluoyl-B-D-erythro-pentofuranosyl)pyrrole-2-
2

carbonitrile (24). To a solution of pyrrole—Z-carbonitrile6 (22 , 0.92 g,
10 mmol) in dry CH3CN (35 mL) was added NaH (60% in oil, 0.48 g, 12 mmol)
and the mixture was stirred at room temperature under a nitrogen atmosphere
for 30 min. 1-Chloro-2-deoxy-3,5-di-0-p-toluoyl-a-D-erythro-pentofura-
nose63 (23, 3.88 g, 10 mmol) wvas added portionwise with stirring. The
reaction mixture was stirred at room temperature for 0.5 h and at 50°C for
0.5 h, cooled and filtered to remove a small amount of insoluble material.
Evaporation of the filtrate gave an oily residue, which was purified by
flash chromatography using hexane:acetone (7:3, v/v) as the eluent to yield

3.0 g (67%) of 24 as needles, mp 125-128°C.

Chromatography: Absorbent - silica gel

Solvent - hexane:acetone, 9:1, v/v
Infrared (KBr): Major bands - 690, 735, 755, 855, 900,
960, 980, 1020, 1065, 1100, 1180, 1210,

1270, 1315, 1375, 1415, 1450, 1615, 1710,

1725, 2220, 2900 and 2960 cm. !
Ultraviolet: Xmax (pH 1) 266 nm (£ 6,400);

xmax (pH 7) 264 nm (¢ 15,000);

A, (pH 11) 260 nm (e 16,000).
'H MR (CDCLy): § 2.41 and 2.43 (2s, 6, 2CH,), 6.24 (t, 1,

J = 6 Hz, Cl,ﬁ), 6.85 (d, 1), 7.11 (d, 1),

7.25 (m, 4, Ph), 7.93 (m, 4, Ph).

P AN




c H N
Analzsis: Calcd for 026H24N205= 70.26 5.44 6.29
' Found: 70.18 5.43  6.20

1-(2-Deoxy-B-D-erythro-pentofuranosyl)pyrrole-2-carbonitrile (26). A

suspension of 24 (11.0 g, 24.8 mmol) in MeOH/NH3 (saturated at 0°C, 250 mL)
was stirred at room temperature in a pressure bottle for 12 hr. The re-
action mixture was cooled to 0°C, and evaporated to dryness. The residue
was purified by flash chromatography using CHC13:acetone (8:2, v/v) as the
eluent. The homogeneous product was crystallized from ether to yield 5.0 g
(97%) of 26, mp 76-79°C.

Chromatography: Absorbent - silica gel

Solvent - CHCl3:acetone, 8:2, v/v
Infrared (KBr): Major bands - 750, 880, 925, 980, 1000,
1050, 1070, 1150, 1190, 1230, 1300, 1350,

1410, 1430, 1450, 2220, 2910, 2960, 3140

and 3380 cm.”t
Ultraviolet: Amax (pH 1) 250 nm (e 15,700);
Xmax (pH 7) 250 nm (¢ 14,500);
xmax (pH 11) 255 nm (€ 15,600).
c B N
Analysis: Calcd for C10H12N203: 57.69 5.81 13.45
Found: 57.54 5.70 13.34

1-(2-Deoxy-B-D-erythro-pentofuranosyl)pyrrole-2-carboxamide (25a). A

solution of 26 (3.2 g) in vater (50 mL) was mixed with NHAOH (120 mL) and
30% HZOZ (5 mL). The mixture was stirred at room temperature for 12 hr
and evaporated to dryness. The residue was dissolved in MeOH (50 mL),

adsorbed onto silica gel (10 g) and placed on top of a silica gel column
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(6 x 40 cm). The column was eluted with CHCIS:HeOH (6:2, v/v). The
fractions containing the desired product were pooled and evaporated to
drynesé to amorphous foam to yield 2.80 g (81X).

Chromatography: Absorbent - silica gel

Solvent - CHC13:He0H, 6:2, v/v

Infrared (KBr): Major bands - 775, 1020, 1265, 1380, 1420,

1590, 1645, 2830, 2940 and 3350 cm.—l

Ultraviolet: Xmax (pH 1) 260 nm (¢ 22,100);
Xmax (pH 7) 260 nm (¢ 24,200);
Amax (pH 11) 260 nm (& 23,700).

c H N
Analysis: Caled for C10514N204: 53.09 6.24 12.38
Found: 53.14 6.61 12.46

1-(2-Deoxy-pB-D-erythro-pentofuranosyl)pyrrole-2-thiocarboxamide (25b).

A solution of 26 (1.50 g) in anhydrous pyridine (150 mL) was saturated with

st at room temperature. After stirring the reaction mixture in a sealed
vessel at room temperature for 12 hr, it was evaporated to dryness. The
residue was purified by flash chromatography using CHCl3:acetone (6:4, v/v)
as the eluent to give 1.50 g (86%) of 25b, mp 126-128°C.

Chromatography: Absorbent - silica gel

Solvent -~ CHC13:acetone, 6:4 v/v
Infrared (KBr): Major bands - 755, 850, 875, 930, 970,

1030, 1065, 1080, 1225, 1260, 1285, 1310,

1350, 1390, 1410, 1460, 1530, 1620, 1635,
2910, 3200, 3300 and 3380 c:m.*1
Ultraviolet: xmax (pH 1, 7 and 11) 279 nm (¢ 10,000),

314 (16,000).
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Found:

¢ H N 5

Analxsis: Caled for C10H14N203S: 49,59 5.83 11.56 13.21
' 49.59 5.88 11.37 13.45

1-(2-Deoxy-B-D-erythro-pentofuranosyl)pyrrole-2-amidoxime (25c). A

solution of 26 (2.20 g) and free

vas heated under reflux for 3 hr

gave 2.20 g (86%) of 25c as foam.

Chromatography:

Infrared (KBr):

Ultraviolet:

Analysis:

residue by flash chromatograhy using CHCl

NHZOH (2.70 g) in absolute EtOH (200 mL)

and alloved to stir at room temperature

overnight. Evaporation of the reaction mixture and purification of the

3:MeOH (8:2, v/v) as the eluent

Absorbent - silica gel

Solvent - CHCl,:MeOH, 9:1, v/v

3
Major bands - 690, 715, 930, 1040, 1080,

1270, 1310, 1360, 1415, 1590, 1630, 2910

and 3340 cm.”}
max (pH 1) 220 nm (e 6,400), 269 (10,400);
max (pH 7 and 11) 242 nm (¢ 7,300).

c H N
Calced for 010“15N3 4 49.79 6.27 17.41
Found: 49.50 6.25 17.28

1-(2,3,5-Tri-0-benzoyl-B-D-ribofuranosyl)pyrrole-2-carbonitrile (36).

In a similar manner as for 24, glycosylation of the sodium salt of 22 (from

0.92 g, 10 mmol of 22 and 0.48 g, 12 mmol of 60% NaH) with 2,3,5-tri-0-
65

benzoyl-D-ribofuranosyl bromide
yield 2.4 g (45%).

Chromatography:

(35) gave the title compound as foam,

Absorbent - silica gel

Solvent - hexane:acetone, 6:2, v/v

-------------
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Infrared (KBr): Major bands - 725, 770, 895, 985, 1030,

1060, 1090, 1170, 1220, 1260, 1310, 1360,

1430, 1440, 1485, 1575, 1590, 1715, 2210

and 3060 cm.”1

Ultraviolet: Xmax (pH 1) 260 nm (e 4,700);

xmax (pH 7) 222 nm (¢ 10,200);

A (pH 11) 270 nm (¢ 3,000).

max
¢ H N
Analysis: Calcd for C31H24N207: 69.39 4.51 5.22

Found: 69.54 4.52 4.99

Pyrrole-2,4-dicarbonitrile (27). This compound was prepared according
62

to the procedure of Loader and Anderson, mp 178-180°C.

Chromatography: Absorbent - silica gel

Solvent - CHCl3:acetone, 8:2, v/v
Infrared (KBr): Major bands - 720, 830, 850, 970, 1130,
1240, 1420, 1550, 1680, 2240, 3140, 3160,
3330 and 3420 cm.”
Ultraviolet: Amax (pH 1) 247 nm (¢ 6,900);

Xmax (pH 7) 248 nm (¢ 6,800);

Xmax (pH 11) 256 nm (e 10,100).

c H N
Analysis: Calcd for C6H3N3: 61.55 2.58 35.87
Found: 61.32 2.46 36.10

1-(2-Deoxy-3,5-di-0-p-toluoyl-g-D-erythro-pentofuranosyl)pyrrole-2,4-

dicarbonitrile (28). In a similar manner as for 24, condensation of the

sodium salt of 27 (from 1.17 g, 10 mmol of 27 and 60% NaH, 0.48 g, 12 mmol)

with 23 (3.88 g, 10 mmol) in CH3CN (50 mL) gave the title compound; yield

43
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3.20 g (68%), mp 119-121°C. :

Chromatography: Absorbent - silica gel

Solvent - hexane:acetone, 8:2, v/v

Infrared (KBr): Major bands - 750, 835, 1020, 1100, 1180,

1270, 1385, 1445, 1485, 1610, 1710, 2240, .
2930, 2960, 3140 and 3440 cm.”!

Ultraviolet: Xmax (pH 1) 260 nm (¢ 15,000); ;
XMax (pH 7) 257 nm (¢ 18,300); y
Xmax (pH 11) 264 nm (¢ 9,900). d
c H N :

Analysis: Calcd for C27H23N305: 69.07 4.94 8.95
Found: 69.22 4.95 9.04 3

1-(2-Deoxy-B-D-erythro-pentofuranosyl)pyrrole-2,4-dicarbonitrile (30).

g v v e -

In a similar manner as for 26, treatment of 28 (13.5 g) with MeOH/NH3 4
(300 mL) at room temperature gave 5.0 g (74%) of the title compound as
homogeneous foam. {

Chromatography: Absorbent - silica gel

Solvent - CHCl3:acetone, 8:2, v/v

PP

Infrared (KBr): Major bands -~ 2220 and 3300 - 3350 <:m.—1
Ultraviolet: Anax (EtOH) 230 nm (& 7,300), 247 (7,000).
g R (Me,S0-d,): §6.12 (t, 1, J = 6.0 Hz, C),H), 7.56 (s, ;
1, CcH), 8.30 (s, 1, C,H). 1
c H N
Analysis: Caled for Cj H ,N,05: 56.41 5.16 17.93 ]
Found: 56.14 5.01 17.85 :

1-(2-Deoxy-B-D-erythro-pentofuranosyl)pyrrole-2,4-dicarboxamide (29a).

In a similar manner as for 25a, hydration of 30 (4.2 g) with NHAOH (150 mL)




in the presence of 30% 8202 (10 mL) gave the title compound, yield 4.0 g
(83X), as foam.

Chfomatography: Absorbent - silica gel
Solvent - CHC13:HeOH, 8:2, v/v
Infrared (KBr): Major bands - 680, 740, 1020, 1045, 1080,

1270, 1370, 1400, 1480, 1585, 1640, 2840,
2910, 3020 and 3400 cm.”!
Ultraviolet: XMax (pH 1, 7, and 11) 250 nm (¢ 7,500).
B NMR (Me,S0-d(): §6.83 (t, 1, J = 6.0 Hz, C},H), 6.91 and
7.12 (2s, 2, CONH,), 7.11 (s, 1, CsH),
7.44 and 7.67 (2s, 2, CONH,).
c B N

Analysis: Calcd for CllﬂlsN305.1/2H20: 47.48 5.79 15.09
Found: 47.24 5.96 14.94

1-(2-Deoxy-8-D-erythro-pentofuranosyl)pyrrole-2,4-bisthiocarboxamide

(29b). 1In a similar manner as for 25b, treatment of 30 (2.0 g) with HZS in
pyridine (150 mL) containing Et3N (5 mL) gave the title compound after

silica gel flash chromatography using CHCI3:He0H, yield 1.60 g (62%), mp

184-186°C.

Chromatography: Absorbent - silica gel
Solvent - CHCl3:Me0H, 9:1, v/v

Infrared (KBr): Major bands - 685, 840, 875, 895, 945, 985,
1050, 1065, 1080, 1095, 1125, 1180, 1220, 1290,
1340, 1440, 1485, 1540, 1615, 1630, 2940, 3170
and 3380 cm.”}

Ultraviolet: Xmax (pH 1, 7 and 11) 248 nm (e 9,500), 267

(10,000), 315 (15,100).
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1

H NMR (Me,SO-d):

Analysis:

§6.99 (s, 1, CcH), 7.01 (t, 1, J = 6.5 Hz,
€y 1), 7.95 (s, 1, C4H), 8.99 and 9.22 (2s, 2,
CSNH,), 9.31 and 9.56 (2s, 2, CSNH,).

cC H N s

Calcd for C11H15N3O352: 43.85 5.02 13.94 21.24

Found: 43,99 5.10 13.80 21.04

1-(2-Deoxy-8-D-erythro-pentofuranosyl)pyrrole-2,4-bisamidoxime (29¢).

Chromatography:

Infrared (KBr):

Ultraviolet:

1

Analysis:

lated as amorphous foam.

H NMR (Me,S0-d():

In a similar manner as for 23c, treatment of 30 (2.0 g) with free NHZOH
(3.0 g) in EtOH (200 mL) at reflux temperature gave 29c after silica gel

flash chromatography using CHClszﬁeOH (1:1, v/v), yield 1.8 g (70%), iso-

Absorbent - silica gel
Solvent - CHC13:MeOH, 9:1, v/v
Major bands - 700, 760, 825, 950, 1060, 1100,

1210, 1285, 1340, 1380, 1440, 1480, 1590, 1630,

1720, 2920, 3030 and 3350 cm._1

Xmax (pH 1) 216 nm (e 18,600), 262 (9,200);

xmax (pH 7 and 11) 245 nm (¢ 13,000).

§5.48 (s, 2, NH,), 5.65 (s, 2, NH,), 6.5 (s,
1, CcH), 6.62 (t, 1, J = 6.0 Hz, C,H), 7.45
(s, 1, C4H), 9.06 (s, 1, NOH), 9.58 (s, 1,
NOH) .

C H N

Caled for 011H17N505: 44.15 5.73 23.39

Found: 44.01 5.88 23.25

2-Amino-5-bromopyrrole-3,4-dicarbonitrile (31la). Starting from tetra-

cyanoethylene (25.6 g, 200 mmol) and anhydrous hydrogen bromide gas, and

oy - -
N, ‘ ‘!\ Ok.l .
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64 13.8 g (33%) of the title

following the procedure of Middleton et al.,
compound was obtained, mp >250°C (dec.).

Chfomagggraphy: Absorbent - silica gel

Solvent - CHC13:acetone, 1:1, v/v

Infrared (KBr): Major bands - 710, 860, 1075, 1120, 1255, 1360,
1415, 1480, 1540, 1600, 1630, 2210 and 2980 -
3440 cm. !
Ultraviolet: xmax (pH 1) 280 nm (¢ 7,000);
Xmax (pH 7) 254 sh, nm (¢ 6,400), 282 (8,600);
Xmax (pH 11) 248 nm (¢ 6,400), 287 (9,300).
c B N B
Analysis: Calcd for CGH3BrN4: 34.15 1.43 26.55 37.87
Found: 34.02 1.58 26.73 37.66

2-Amino-5-mercaptopyrrole-3,4-dicarbonitrile (31b). 2,5-Diaminothio-

phene-3,4-dicarbonitrile (3.28 g) was rearranged with 10% NaOH solution

64 o obtain 2.0 g of the

according to the procedure of Middleton et al.
title compound as yellowish-brown solid, mp >220°C (dec.).

Chromatography: Absorbent - silica gel

Solvent - EtOAc:HZO:E—PrOH, 4:2:1, upper phase
Infrared (KBr): Major bands - 700, 760, 1460, 1500, 1530, 1600,

1640, 2210, 2920, 3020, 3240, 3340 and 3440

-1
cm.,

Ultraviolet: Xmax (pH 1) 287 nm (¢ 11,200);

xmax (pH 7) 307 nm (e 17,800);

xmax (pH 11) 295 nm (¢ 7,100).

c H N
Analysis: Caled for C6H4N4S: 43.90 2.46 34.14
Found: 44.01 2.27 33.81
47
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5-Bromo-2-ethoxymethylenamino-1-(2-deoxy-3,5-di-0-p-toluoyl-B-D-

erythro-pentofuranosyl)pyrrole-3,4-dicarbonitrile (34a). A mixture of 3la

(7.0 g; 33 mmol) and diethoxymethylacetate (8.10 g, 50 mmol) in dry CH3CN
(250 mL) was heated under reflux for 3 hr, cooled and evaporated to dry-
ness. The residue was dissolved in a mixture of dry CHBCN (50 mL) and
toluene (50 mL), and evaporated to dryness. This process was repeated
three times and the residual 2-ethoxymethylenamino-5-bromopyrrole-3,4-
dicarbonitrile (32a, 8.0 g, 90%) was used as such for further reactions.
Treatment of the sodium salt of 32a (from 8.10 g, 30.3 mmol of the
nitrile and 1.40 g, 35 mmol of 60% NaH in oil) with 23 (11.70 g, 30.5 mmol)

in CH3CN (400 mL), in the same manner as for 24, gave 14.0 g (74.5%) of 34a

as foam.
Chromatography: Absorbent - silica gel
Solvent - hexane:acetone, 7:3, v/v
Infrared (KBr): Major bands - 750, 840, 995, 1020, 1100, 1180,
1270, 1370, 1450, 1515, 1620, 1715, 2220, 2920,
2980 and 3420 cm.”!
Ultraviolet: Xmax (pH 1) 240 nm (g 3,100);
Xmax (pH 7) 237 nm (¢ 5,100);
xmax (pH 11) 230 nm (¢ 2,500).
g R (CDCL,): 8 1.42 (t, 3, CH,CH,), 2.41 (2s, 6, 2CH;), 4.48
(m, 2, C§2CH3), 6.39 (t, 1, J = 7.0 Hz, Cl,ﬂ),
7.24 - 7.90 (m, 8, 2 Ph), 8.27 (s, 1, CH).
c H N B
Analysis: Caled for C3OH27BrN406: 58.16 4.39 9.04 12.89
Found: 58.40 4.46 8.95 13.11

4-Amino-6-bromo-7-(2-deoxy-g-D-erythro-pentofuranosyl)pyrrolo[2,3-d}-

pyrimidine-5-carbonitrile (33a). A solution of 34a (0.80 g, 1.3 mmol) in

48



HeOH/NH3 (50 mL) vas stirred at room temperature in a pressure bottle for 2

days and then evaporated to dryness. The residue was purified by flash

chromafography using CHC13:MeOH (8:2, v/v) as the eluent and crystallized

from CHC13/He0H mixture to yield 0.35 g (76.5%) of 33a, mp >300°C (dec.).
Chromatography: Absorbent - silica gel
Solvent - CHC13:MeOH, 8:2, v/v
Infrared (KBr): Major bands - 2215 and 3300 - 3400 cm.-1
Ultraviolet: Amax (pH 1) 233 nm (¢ 15,400), 282 (15,400);

xmax (pH 7) 218 nm (¢ 17,800), 286 (14,500);

A (pH 11) 286 nm (& 16,100).

max
'H NMR (Me,S0-d): 56.42 (t, 1, J = 7.0 Hz, C},H), 7.04 (br s,
2, NH,), 8.19 (s, 1, C,H).
¢ 1 N Br
Analysis: Caled for 012H12BrN503: 40.69 3.42 19.76 22.56
Found: 40.45 3.30 19.56  22.85

5-Ethylthio-2-ethoxymethylenamino-1-(2-deoxy-3,5-di-0-p-toluoyl-g-D-

erythro-pentofuranosyl)pyrrole-3,4-dicarbonitrile (34b). The title

compound vas prepared in a similar manner as described for 34a using 2-
amino—S—ethylthiopyrrole—3,A—dicarbonitrile64 (vhich was converted to
32b by boiling with diethoxymethylacetate) (6.5 g, 26 mmol), NaH (1.20 g,
30 mmol), 23 (11.7 g, 30 mmol) and dry CH3CN (300 mL). The product was
purified by flash chromatography using hexane:acetone (6:4, v/v), and
crystallized from the same solvent to yield 12.0 g (76%), mp 129-131°C.

Chromatography: Absorbent - silica gel

Solvent - hexane:acetone, 6:2, v/v
Infrared (KBr): Major bands - 750, 840, 995, 1020, 1100, 1180,
1275, 1375, 1410, 1450, 1500, 1530, 1610,

1620, 1710, 2220, 2920, 2980 and 3420 cm.-1

49
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Ultraviolet: xmax (MeOH) 236 nm (€ 33,300), 281 (11,200).

g nur (CDCL,4): 8 1.27 and 1.43 (2t, 6, 2CH,CH,), 2.39 and 2.43
' (2s, 6, 2CHy), 4.47 (m, 4, 2CH,CH,), 6.62 (t,
1, J = 6.0 Hz, C ,H), 7.22 - 7.90 (m, 8, 2 Ph),
8.27 (s, 1, CH).
¢ H N s
Analysis: Calcd for C32H32N406S: 63.99 5.37 9.32 5.33
Found: 64.23 5.25 9.33 5.60

4-Amino-6-ethylthio-1-(2-deoxy-B-D-erythro-pentofuranosyl)pyrrolo[2,3-

d]pyrimidine-5-carbonitrile (33b). In a similar manner as for 33a, the

title compound was prepared by using 34b (6.5 g, 10.1 mmol) and MeOH/NH3
(200 mL). The product was crystallized from MeOH:CHC13:ether mixture to
yield 3.60 g (91.0%) of 33b, mp 177-179°C.
Chromatography: Absorbent - silica gel
Solvent - CHC13:acetone, 6:4, v/v
Infrared (KBr): Major bands - 690, 750, 790, 910, 930, 980,
1050, 1090, 1260, 1300, 1370, 1430, 1470, 1360,

1580, 1625, 2220, 2920, 3200, 3320 and 3420

-1
cm.
Ultraviolet: xmax (pH 1) 235 nm (¢ 11,300), 295 (11,800);
Amax (pH 7 and 11) 233 nm (e 9,100), 295
(13,300).
1
H NMR (HeZSO-g6): §1.20 (t, 3, CHZC§3), 3.0 (q, 2, CgZCH3), 6.64

(t, 1, J = 6.6 Hz, Cl,ﬂ), 7.07 (br s, 2, Ngz),

8.22 (s, 1, CZE).
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Analysis: Caled for C14H17N503S: 50.15 5.11 20.84 9.54

Found: 50.06 5.13 20.51 9.56

2-Amino-4-methylpyrrole-3-carbonitrile (38). Condensation of malono-

nitrile (6.6 g, 100 mmol) with acetamidoacetone (11.5 g, 100 mmol) in the
presence of NaOH, according to the procedure of Wamhoff and Vehling66 gave

the title compound, yield 8.72 g (72%), mp 121°C.

Chromatography: Absorbent - silica gel

Solvent - CHC13:acetone, 9:1, v/v
Infrared (KBr): Major bands - 720, 785, 1015, 1060, 1130, 1340,

1435, 1490, 1550, 1580, 1620, 2180, 2920 -

3380cm. !
Ultraviolet: Xmax (pH 1) 228 nm (& 7,700);
Xmax (pH 7 and 11) 259 nm (& 5,500).
c B N
Analysis: Calcd for C6H7N3: 59.49 5.83 34.68
Found: 59.21 5.75 34.45

3-Benzyloxy-1-B-D-ribofuranosylpyrazole-4-carbonitrile (44b).

3-Benzyloxy-1-(2,3,5-tri-0-acetyl-g-D-ribofuranosyl)pyrazole-4-carbonitrile
(44a, 4.47 g, 10 mmol) was combined with liquid NH3 (50 mL) in a steel
reaction vessel and allowed to stand at room temperature for 15 hr, after
which NH3 vas evaporated. The dry residue was purified on a flash silica
gel column (4 x 30 cm) using CHC13:Me0H (9:1, v/v) as the eluent, and
crystallized from aqueous EtOH to yield 1.60 g (48.3) of 44b, mp 138°C.

Chromatography: Absorbent - silica gel

Solvent - CHC1l,:MeOH, 9:1, v/v

3

ﬁ"vﬂ"\c".\"-'-\'""l..‘\",'h'."-‘-\ « " “w e Te ;s ‘-“-\'._'\'\.'.‘..\’-\'-".. Ta L LT U™ e
ottt s Calnte / PR 2 N AL AN P A AR AN



PR IR U MITT R (ARFU AN AN IUATCEN VTR XM R X N “h ' \ \J gt at “p 2% ad 4 20’ gAY et 02 o930 e et Bat gt Bat 0at §.8 a8 9.0 4ol g.b 920" ‘g @ ‘nb g

Infrared (KBr): Major bands - 680, 730, 860, 950, 1030, 1070,
1100, 1150, 1195, 1345, 1380, 1455, 1500,
1550, 2210, 2910, 3120 and 3480 cm.”1

Ultraviolet: Xmax (pH 1 and 7) 240 nm (€ 19,000);

xmax (pH 11) 240 nm (e 17,900).
1

H NMR (HeZSO—g6): 8§ 5.27 (s, 2, C§2C6H5), 5.56 (d, 1, J = 4.0 ‘
Hz, cl,g), 7.40 (m, 5, CH2C6§5), 8.52 (s, 1, t
Ce) - :
c N
Analysis: Calcd for C16H17N305: 58.00 5.17 12.68
Found: 57.76 5.13 12.44

3-Benzyloxy-1-g-D-ribofuranosylpyrazole-4-thiocarboxamide (43b). A

slow stream of HZS was bubbled through a solution of 44a (4.57 g, 10 mmol) ;
in dry pyridine (125 mL) containing triethylamine (4 mL) for 3 hr. After

stirring for 12 hr at room temperature, the mixture was evaporated to X
dryness. The residue was co-evaporated with EtOH (3 x 50 mL) and the A
residual syrup (43a, 3.20 g) vas deacetylated without further purification.
The above syrup (43a) was dissolved in MeOH/NH3 (saturated at 0°C, 100 mL)
and stirred at room temperature for 16 hr. MeOH/NH3 wvas evaporated and the
residue was purified on a silica gel column (2.5 x 50 cm) using CHC13:Me0h
(6:1, v/v) as the eluent. The fractions containing the homogeneous product
were pooled, evaporated and the residue was crystallized from EtQOH to yield
0.80 g (21.9%), mp 132°C. )

Chromatography: Absorbent - silica gel

Solvent - CHCl.,:MeOH, 6:1, v/v

3
Infrared (KBr): Major bands - 730, 760, 855, 910, 990, 1010,

1030, 1050, 1070, 1105, 1150, 1380, 1420, 1445
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; 1500, 1565, 1610, 2880, 2960, 3320 and 3440
: cm._1
Ulfraviolet: Amax (pH 1) 258 nm (¢ 5,500), 303 (10,200);

Xmax (pH 7) 258 nm (e 4,000), 303 ( 7,300);

xmax (pH 11) 258 nm (¢ 9,500), 303 ( 9,500).
1

H NMR (MeZSO—g6): 8 5.28 (s, 2, C§2C6H5), 5.52 (d, 2, J = 3.5 Hz,
¢, /B, 7.40 (m, 5, CHZC6§5), 8.35 (s, 1, CcH),
8.13 and 9.33 (2 br s, 2, CSNQZ).
c H N s
Analysis: Calcd for C16HgN405S: 51.96 5.31 11.36 8.67
Found: 51.78 5.53 11.26 8.39

3-Benzyloxy-1-B-D-ribofuranosylpyrazole-4-carboxylic acid (42a). To a

solution of ethyl 3-benzyloxy-1-B-D-ribofuranosylpyrazole-4-carboxylate
(1.89 g, 5 mmol) in azo (5 mL) was added 6N NaOH (3 mL) and the mixture was
stirred at room temperature for 24 hr, VWater was evaporated and the resi-
due was triturated with EtOH (3 x 10 mL). The solid was dissolved in HZO
(10 mL) and the solution neutralized with Dowex-50 (H+) resin. The resin
was removed by filtration, the filtrate evaporated to dryness and the resi-
due was crystallized from water to yield 1.50 g (85.6%) of the title com-

pound, mp 138°C.

Chromatography: Absorbent - silica gel
Solvent - CHCl3:MeOH, 6:1, v/v
Infrared (KBr): Major bands - 700, 720, 765, 845, 890, 970,

1070, 1100, 1165, 1250, 1350, 1440, 1500,

1560, 1680, 2920 and 3350 cm. !
Ultraviolet: Xmax (pH 1) 242 nm (¢ 18,200), 303 (1,750);

Xmax (pH 7) 238 nm (e 11,900);

Xmax (pH 11) 232 nm (e 11,200).




H NMR (HeZSO-g6): 8§ 5.22 (s, 2, CHZC6HS)’ 5.52 (d, 1, J = 4.0
Hz, Cl,g), 7.41 (m, 5, CHZC6§S), 8.31 (s, 1,
CoH).
c B N
Analysis: Calcd for C1gH1N705¢ 54.85 5.18 7.99
Found: 54.70 5.20 7.90

3-Hydroxy-1-g-D-ribofuranosylpyrazole-4-carboxylic acid (42b). To a
solution of 42a (1.75 g, 5 mmol) in 95% EtOH (100 mL) was added 10% Pd/C
(0.10 g) and the mixture was shaken in a Parr hydrogenator for 5 hr at 45

psi of HZ’ The mixture was filtered through a Celite pad and the filtrate

evaporated to dryness. The residue was crystallized from aqueous EtOH to
yield 1.06 g (81.5%) of 42b, mp >80°C (dec.).

Chromatography: Absorbent - silica gel

Solvent - EtOAc:HZO:E-PrOH, 4:2:1, upper phase
Infrared(KBr): Major bands - 700, 780, 860, 900, 1050, 1080,

1130, 1175, 1290, 1445, 1485, 1530, 1570,

1690, 2920 and 3380 cm. )

Ultraviolet: Xmax (pH 1) 240 nm (e 14,800);

Xmax (pH 7) 238 nm (& 16,400);

A (pH 11) 264 nm (e 13,700).

max
'H NMR (Me,S0-d): §5.46 (d, 1, J = 4.5 Hz, Cy,H), 8.16 (s, 1,
CoH).
¢ H N
Analysis: Calcd for 09H12N207.1/2H20: 40.15 4.86 10.40
Found: 40.40 5.05 10.49

4-Amino-8-(B-D-ribofuranosylamino)pyrimido[5,4-d]pyrimidine (46). A

solution of 9-(2,3,5-tti—_Q-acetyl—B—Q—ribofuranosyl)purine—6—carbonitrile77
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(45, 6.0 g, 14.8 mmol) in conc. NH4OH (200 mL) was stirred at room tempera-
ture for 8 hr and then allowed to stand at 4°C for 16 hr. The mixture wvas
evaporéted to dryness. The crude product which had been absorbed onto
silica gel (10 g) was loaded on a 3.5 x 35 cm silica gel column packed in
EtOAc. The column was eluted with EtOAc:HZO:E—PrOH (4:2:1, v/v, upper
phase). The appropriate homogeneous fractions were pooled, and the sol-
vent was evaporated to yield 3.3 g (80%) of white solid. Crystallization
from H20 gave thin fan-shaped plates, mp 214-216°C.

Chromatography: Absorbent - silica gel

Solvent - EtOAc:HZO:g—PrOH, 4:2:1, upper phase

Ultraviolet: )max (pH 7) 292 nm (¢ 16,000), 303 (14,100),

319 (12,400), 334 (8,500).

TH NMR (Me,S0-d,): 8 5.88 (q, 1, C;,H, vhich collapsed to a doub-

let at & 5.88 after deuteration), 7.80 (br s,
2, Ngz), 8.40 and 8.50 (2s, ng and C6§).
¢ H N

Analysis: Calcd for CIIH14N604: 44.89 4.80 28.56

Found: 45.01 4.96  2B.45

6-Methylthio-9-B-D-ribofuranosylpurine (49). A solution of 9-B-D-ribo-

furanosyl-6-mercaptopurine (0.33 g) in 0.4 N NaOH (2.5 mL, 0.86 equiv) was
shaken at room temperature for 10 min. while CH3I (0.073 mL, 1 equiv) was
added in portions. NaOH (0.4 mL, 0.4 N) was added and the solution again
shaken with CH3I (0.073 mL). The solution was kept at room temperature for
2 hr during which time white needles separated. After refrigeration over-
night, the solid was collected, dried over NaOH and refluxed for several
minutes with absolute EtOH (2 mL). Filtration of the chilled suspension

gave white micro-needles (0.26 g, 74%), mp 164°C.



Chromatography:

Infrared (KBr):

Ultraviolet:

Analysis:

Neplanocin A (47).

Absorbent - silica gel
Solvent - EtOAc:HZO:E—PrOH, 4:2:1, upper phase
Major bands - 660, 820, 865, 950, 990, 1030,
1060, 1100, 1210, 1330, 1400, 1440, 1480, 1570,
2880, 2950 and 3360 cm. ™t
Xmax (pH 1) 223 nm (¢ 17,000), 293 (25,900);
xmax (pH 7) 222 nm (¢ 17,600), 289 (28,900);
Amax (pH 11) 289 nm (e 28,500).
c H N s
Calcd for C,.H. N,0,S: 44.29 4.73 18.78 10.75

117147474
Found: 44,30 4.75 18.56 10.93

The culture filtrates of a fermentation broth

produced by neplanocin A-producer CL-1018 was obtained from Warner-Lambert

Pharmaceutical Research Division, Ann Arbor, Michigan. Isolation of the

antibiotic neplanocin A was performed by the successive column chromatog-

raphy on ion-exchange resin and charcoal as reported in the literature,

mp 205-207°C.

Chromatography:

Infrared (KBr):

Ultraviolet:

Analysis:

84

Absorbent - silica gel

Solvent - EtOAc:HZO:g—PrOH, 4:2:1, upper phase.
Major bands - 725, 865, 1060, 1120, 1290, 1335,
1410, 1570, 1600, 1650, 2850 and 3120 - 3380
em.”!

xmax (pH 1) 259 nm (¢ 14,500);

Amax (pH 7) 260 nm (& 15,300);

Xmax (pH 11) 260 nm (& 15,500).

¢ H

12

Caled for C11H13N503: 50.18 4.98  26.60

Found: 49.98 5.16 26.37
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; Purine-6-sulfonyl fluoride (51). To a cold (0°C) mixture of MeOH

g (500 mL), 49% HF (750 mL) and KF.2H20 (750 g) in a polyethylene beaker was
added ﬁurine—6—thiol (125 g). While cooling and stirring a fast stream of
012 gas was bubbled into the reaction mixture. The rate of Cl2 introduc-

. tion vas adjusted so that a reaction temperature of -2 to +3°C was main-
tained. The time required for the reaction was about 5 hr. The reaction

o mixture was poured slowly with stirring onto 4 kg of crushed ice, stirred

¥ for 5 min and the pale yellow solid that separated was collected by filtra-
tion. The residue was washed thoroughly with ice-cold water, pressed dry,
and air-dried. It was crystallized from boiling absolute EtOH using char-

coal as white crystals, yield 108 g (65%), mp >300°C [Lit80 mp >300°C].

&

Chromatography: Absorbent - silica gel

2 Solvent -~ EtOAc:H,0:n-PrOH, 4:2:1, upper phase
gV

A Infrared (KBr): Major bands - 625, 800, 850, 910, 930, 970,

. 1140, 1170, 1210, 1300, 1370, 1400, 1550, 1590,

1865, and 2640 - 3100 cm.”1

Cld

Ultraviolet: Xmax (pH 1) 282 nm (& 4,650);

N .
Apay (PH 7) 280 nm (€ 4,050);

Xmax (pH 11) 278 nm (e 5,050).

rd

.

¢ H

12

(%]

Analysis: Calcd for CSH3FN4028: 29.70 1.48 27.72
Found: 30.07 1.46 27.41
N

P 4-Amino-6-methyl-2-methylthiopyrrolo[2,3-d]pyrimidine (54). 4-Chloro-

: 6—methy1-2—methy1thiopyrrolo[2,3—g]pyrimidine55 (35, 3.0 g, 14.0 mmol) was
combined with MeOH/NH3 (75 mL, saturated at 0°C) and the resulting mixture
heated in a steel bomb at 135°C for 48 hr. The residue, after evaporation
of the solvents, was crystallized from aqueous ethanol as needles to yield

1.64 g (60%) of 54, mp 207°C.

<Y
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Chromatography: Absorbent - silica gel

Solvent - CHCl3:acetone, 8:2, v/v.
Infrared (KBr): Major bands - 780, 940, 970, 1150, 1240, 1275,
1300, 1350, 1380, 1460, 1535, 1595, 1610 and
2930 - 3400 cm.”}
Ultraviolet: xmax (pH 1) 231 nm (¢ 11,700), 285 (9,600);
Xmax (pH 7 and 11) 233 nm (e 15,300), 286
(10,200), 302 sh (8,700).

lp nur (Me,S0-d): § 2.25 (s, 3, CHy), 2.41 (s, 3, SCH,), 6.08 (s,
1, CH), 6.77 (s, 2, NH,), 11.20 (s, 1, N,B).
| c H N s
Analysis: Calcd for CgH  N,S: 49.46 5.19 28.84 16.50
Found: 49.38 5.24 28.96 16.32

Methyl 2-chloro-5-cyanomethyl-3-methylimidazole-4-carboxylate (57). To
81

a solution of methyl 2-chloro-5-cyanomethylimidazole-4-carboxylate = (56,
3.3 g, 16.5 mmol) in water (50 mL) containing NaOH (0.75 g) was added di-
methylsulfate (1.88 mL, 20 mmol) and the mixture was stirred at ambient
temperature for 4 hr. The mixture was evaporated to dryness and the resi-
due was purified on a silica gel column (4 x 25 cm) using chloroform:

methanol (6:1, v/v) as the solvent. The homogeneous product was crystal-

lized from aqueous methanol to yield 2.2 g (62%) of 57, mp 84°C.

Chromatography: Absorbent - silica gel
Solvent - CHCl3:Me0H, 6:1, v/v
Infrared (KBr): Major bands - 770, 800, 850, 935, 1050, 1120,

1145, 1195, 1260, 1310, 1325, 1370, 1420, 1440,

1465, 1550, 1690, 2260 and 2960 <:m.—1
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Ultraviolet: )max (pH 1) 248 nm (& 8,300);

xhax (pH 7) 248 nm (€ 9,500);

xmax (pH 11) 247 nm (& 9,400).

c B N o
Analysis: Calcd for C8H8C1N302: 44.97 3.77 19.67 16.59
Found: 45.00 3.74 19.71 16.60

2,4-Dinitroimidazole®® (59). 86% HNO, (30 L) vas cooled to 0°C and to

this was added Aczo (10 mL) with stirring. After stirring for 10 min azo-

mycin82 (2.2 g, 20 mmol) was added in small portions. After the addition

of azomycin, the reaction mixture was alléwed to stir at 100°C for 2 hr and

at 150°C for 30 min. After cooling the reaction mixture was poured over \
ice (150 g), the aqueous solution was extracted with EtOAc (2 x 75 mL), and

washed with saturated brine solution (2 x 50 mL). The dried (Nazsoa) or-

ganic phase was evaporated to dryness and the residue was crystallized from

hot methanol to yield 1.30 g (42%) of the title compound, mp 264-266°C.

Chromatography: Absorbent - silica gel

Solvent - CHClszMeOH, 8:2, v/v
Infrared (KBr): Major bands - 760, 805, 820, 840, 900, 1015,
1105, 1160, 1220, 1280, 1345, 1360, 1405,

1430, 1490, 1520, 1550 and 2800 - 3160 cm._l )
Ultraviolet: A (pH 1) 307 nm (& 5,400); 3

max )

Apax (PH 7) 354 nm (€ 10,100);

A (pH 11) 356 nm (¢ 8,800). J

max i
c H N
Analysis: Caled for C3H2N404: 22.80 1.27 35.45
Found: 23.05 1.33 35.25
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IV. LIST OF COMPOUNDS SUBMITTED TO WALTER REED ARMY INSTITUTE OF RESEARCH
(VRAIR) FROM SEPTEMBER 1, 1984 THROUGH AUGUST 31, 1985

Dufing the progress report period, September 1, 1984 through August 31,
1985, the following forty-one (41) compounds were prepared and submitted to
Chemical Handling and Data Analysis Branch, Division of Experimental Thera-
peutics, Department of Medicinal Chemistry, Walter Reed Army Institute of
Research, Washington, D.C. for antiviral evaluation, each in pure form. In
addition to these compounds, 2.0 g of 4-amino-8-(B-D-ribofuranosylamino)-
pyrimido[5,4~d]pyrimidine (BJ-76187) has been submitted for indepth anti-
viral screening. The chemical structure of each of these compounds is

shown below:

No. Compound Qt. . Notebook No. WRAIR No.

1. 1-(2,3-0-Isopropylidene-5-0-p- 2.00 g SY-3 BL-00334
tolylsulfonyl-g-D-ribofurano-
syl)-1,2,4-triazole-3-carboxamide

HoN N

0
>~

2. 1-(2,3-0-Isopropylidene-5-azido- 2.00 g SY-6 BL-00325
5-deoxy-B-D-ribofuranosyl)-1,2,4-
triazole-3-carboxamide

y Wy



3. 1-(5-Deoxy-5-azido-g-D-ribofurano-
syl)-1,2,4-triazole-3-carboxamide

4. 1-(2,3-0-Isopropylidene-5-deoxy-5-
amino-g-D-ribofuranosyl)-1,2,4-
triazole-3-carboxamide

HoN

&

H,N

e

5. 1-(2,3-0-Isopropylidene-5-deoxy~5-
thio-8-D-ribofuranosyl)-1,2,4-tri-
azole-3-carboxamide

Mﬁ\"@

6. 1-(5-Deoxy-5-thio-B-D-ribofurano-
syl)-1,2,4-triazole-3-carboxamide

)

HS 0

HoN

Z
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1.50 g

1.50 g

1.60 g

1.60 g

SY-28

sY-7

SY-8

SY-15

AR
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BL-07333 p25

BL-04181 p26

BL-04190 p29

BL-04207 p30
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7. 1-(5-0-Nicotinoyl-pg-D-ribofurano-
syl)-1,2,4-triazole-3-carboxamide

0

8. 1-B-D-Ribofuranosyl-1,2,4-triazole-

3-carboxylic acid
0
0
|
O
H H

H
H

9, 1-(2,3,5-Tri-0-benzoyl-p-D-ribofur-

anosyl)-1,2,4-triazol-3(2H)-one

X N
H\J

BzO o

BzO OBz

10. l—B—Q—Ribofuranosyl—l,2,4-triazol-

3(2H)-one

D\ % - e
QLN MR N S Yo NtoN 0 R

St R LA
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1.80 g SR-162 BK-98937 p36 )
s
\
U
1.90 g SR-179 BL-00281 p85
d
J
X.
¢
v
2.00 g SR-164 BL-00307 p37 v
w
1
.
d
.
¥
2.00 g SR-165 BL-00290 p38 3
r
’
§
.f
'
N
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11. 2-(5-Deoxy-5-azido-B-D-ribofurano- 1.50 g SY-41 BL-07342 p32
syl)thiazole-4-carboxamide

12. 2-(5-Deoxy-5-acetylthio-2,3-di-0- 2.00 g SY-22 BL-07351 p33
isopropylidene-g-D-ribofuranosyl)-
thiazole-4-carboxamide

H,N

/:fo

AcS

G

9){)

13. 2-8-D-Ribofuranosylthiazole-4- 1.80 g SR-178 BL-00272  p37
carboxylic acid

/

14. 1-(2-Deoxy-3,5-di-0-p-toluoyl- 1.80 g SV-29 BK-98900 P39
B-D-erythro-pentofuranosyl)-
pyrrole-2-carbonitrile
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15. 1-(2-Deoxy-B-D-erythro-pentofur- 1.80 g SV-43 BL-00361 p40
anosyl)pyrrole-2-carbonitrile

%

16. 1-(2-Deoxy-$-D-erythro-pentofur- 2.00 g SV-45 BL-04145 p40
anosyl)pyrrole-2-carboxamide

[J\(NHZ
HO- O !
HO 3
17. 1-(2-Deoxy-B-D-erythro-pentofur- 1.10 g SV-95 BL-04154  p4dl ;

anosyl)pyrrole-2-thiocarboxamide

.

NH,

S
HO

X
o

18. 1-(2-Deoxy-pB-D-erythro-pentofur- 1.50 g SV-94 BL-07360  p42
anosyl)pyrrole-2-amidoxime

NOH
HO- -0
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19. 1-(2,3,5-Tri-0-benzoyl-p-D-ribo- 2.00 g Sv-33 BL-00370 p42
furanosyl)pyrrole-2-carbonitrile

BzO
Bz Bz
20. Pyrrole-2,4-dicarbonitrile 1.80 g Sv-20 BK-98884 62
NC
‘T\Nj\cu
H
21. 1-(2-Deoxy-3,5-di-0-p-toluoyl-g- 1.80 g SvV-30 BK-98893 pa3

D-erythro-pentofuranosyl)pyrrole-
2,4-dicarbonitrile

TolO
TolO
22. 1-(2-Deoxy-B-D-erythro-pentofur- 1.70 g SV-53 BL-00352 p44

anosyl)pyrrole-2,4-dicarboxamide

HaN

HO— /O

65
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23.

24.

25.

26.

27.

ity
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1-(2-Deoxy-B-D-erythro-pentofur- 1.30 g SV-135 BL-07388 pa5
anosyl)pyrrole-2,4-bisthiocar-
boxamide
S
H
NH,
S
0
1-(2-Deoxy-8-D-erythro-pentofur- 1.30 g Sv-138 BL-07397 p46
anosyl)pyrrole-2,4-bisamidoxime
NOH
Hy |
L u,
NOH
HO O
HO
2-Amino-4-methylpyrrole-3-car- 1.50 g SV-14 BK-98866 66
bonitrile
NC Hj
)
H
2-Amino-5-bromopyrrole-3,4-di- 1.70 g SvV-35 BK-98875 64
carbonitrile
NC CN
H N: :N: :Br
2% H
5-Bromo-2-ethoxymethylenamino-1- 1.30 2 SV-64 BL-07379  p48
(2-deoxy-3,5-di-0-p-toluoyl-B-D-
erythro-pentofuranosyl)pyrrole-
3,4-dicarbonitrile
NC CN
Et((\ l
X ~Br
TolO 0
Tol
66
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30.

31.
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» AV

28.

29.

U

8. f's 2Fc BV 3%, 802 000 4% 4%e %2 802 €% 0% #'s 8 s $'8 04 8's 2%

2-Amino-5-mercaptopyrrole-3,4-
dicarbonitrile

NC CN

HzN]T\:I SH

5-Ethylthio-2-ethoxymethylen-
amino-1-(2-deoxy-3,5-di-0-p-
toluoyl-g-D-erythro -pentofurano-
syl)pyrrole 3,4-dicarbonitrile

NC N
EtO :]:;;:ljc
lQ§N SEt

X

4-Amino-6-ethylthio-1-(2-deoxy-

B-D-erythro-pentofuranosyl)-
pyrrole(2,3- d]pyrimidine-5-

carbonitrile
NH,
7 ~CN
S SEt
Ho— 0
H

3-Benzyloxy-1-g-D-ribofuranosyl-
pyrazole-4-carbonitrile

NC OBn
“ l!
N

Ho—ki:i;J
HO OH

67

1.80 g

1.80 g

1.20 g

1.00 g

o 3t 8% 4Y2 8's 0%8 84 8% . 8" €'s #'g 0"

SV-62

Sv-97

SvV-99

SR-142

BL-00343

BL-04163

BL-04172

BK-96675

e 8l 4'g €'u 0'n 880"

64
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32. 3-Benzyloxy-1-g-D-ribofuranosyl-
pyrazole-4-thiocarboxamide

H N OBn

X
93

o e
O

33. 3-Benzyloxy-1-g-D-ribofuranosyl-
pyrazole-4-carboxylic acid

HO OBn

+

HO

I
(o]
I

34. 3-Hydroxy-1-g-D-ribofuranosyl-
pyrazole-4-carboxylic acid

HO H

i

HO

93

HO OH

35. 2,4(5)-Dinitroimidazole

36. Methyl 2-chloro-5-cyanomethyl-
3-methylimidazole-4-carboxylate

H4CO N~CHa

NC. ¢l

w, v
e

™

.'f." .-‘ .

1.10 g

2.00 g

1.10 g

1.50 g

1.10 g

68

SR-132

SR-170

SR-187

sv-21

SN-198

BK-96666

BL-04127

BL-04136

BK-98919

BK-96684

p52

p53

p54

83

p58
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37. 4-Amino-6-methyl-2-methylthio-
pyrrolo[2,3-d]pyrimidine

NH,
LI
HgCS~ X N~ ~CH,

38. Neplanocin A

Hy
Houzc\ij
HO OH

39. Purine-6-sulfonyl fluoride

O.F
|
NS
H
40. 6-Methylthio-9-B-D-ribofurano-

sylpurine
CH,

41. 4-Amino-8-(@-D-ribofuranosyl-
amino)pyrimido[5,4-d]pyrimidine

. j
Z

NH

HO O-J
X
MO OHM

69

1.20 g

1.50 g

2.00 g

1.10 g

2.00 g

RE-673

RA-300

SY-2

RA-228c

RA-149

BK-96693

BL-04118

BL-00263

BK-98928

BJ 76187

55

84

80

p55

p54



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20,

1.
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VII.  APPENDIX

Single-Crystal X-ray Diffraction Analysis of Compound 42a. A suitable

crystal of the compound was mounted on a Nicolet P3 autodiffractometer
vhich utilized graphite monochromated Cu radiation (XA = 1.54178 A). An
attempt to calculate lattice parameters and an orientation matrix from
25 centered reflections failed suggesting that the crystal was twinned.
It vas possible to select fifteen reflections of one orientation suit-
able for lattice parameters and an orientation matrix was calculated
from these values. Crystal and Structure data are shown in Table I.
Single-crystal intensity data were obtained using a variable scan speed
0 - 20 procedure. Sixty-one data wvere rejected as the backgrounds were
measured on peaks of the twin, however a large majority of data was
acceptable. Three check reflections were measured every 97 reflections.
There was no systematic change in these data indicating crystal and
electronic stability. The data were merged to 2491 independent reflec-
tions, 96 of which were considered unobserved as I < 2 ¢ (I). The
structure vas solved using direct methods and refined using a blocked
cascading least squares procedure. Density calculations as well as the
structure determination indicated that there were two molecules in the
asymmetric unit. All nonhydrogen atoms were refined anisotropically.
Positions for hydrogen atoms bonded to carbon atoms were calculated
based on stereochemical considerations. These atoms were allowed to
ride on their neighboring carbon atoms during refinement. The thermal
parameter of each of these hydrogen atoms was fixed at 1.2 times the
initial equivalent isotropic thermal parameter of the neighboring atom.

All hydrogens bonded to oxygen atoms were located in difference maps.

The positional parameters of these atoms vere not refined but the atoms
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vere refined isotropically. An empirical extinction correction was made
as several of the low angle reflections had larger F calculated than F
observed. The resulting R values were R = 0.049 and Rw= 0.067 with
weights based on counting statistics. The largest peaks in the final

3 and -0.32e§_3. Scattering factors were

85

difference maps were 0.37 eA”
obtained from the "International Tables for X-ray Crystallography".
All computer calculations and the computer drawving were performed using
SHELXTL. 8

A computer drawing of the two crystallographically independent
molecules of 61 with atom labels and conformation is shown in Figure 1.
The bond lengths are listed in Table II. The positional and thermal
parameters of the atoms are listed in Table III. There is good agree-
ment between chemically similar bonds. It is quite evident that both
the molecules are in the B conformation. The aglycon portions of both
molecules are planar. The largest deviation of a base ring atom from
the least-squares plane of the base in 0.002A for N2 in molecule A and
0.010A fcr C3 in molecule B. The carboxylic acid group deviates more
from the plane of its base in molecule A than in molecule B as the di-
hedral angle between the planes of the base and carboxylic acid group is
15.2° in molecule A compared to 5.4° in molecule B.

The carbohydrate moiety of the two molecules are nearly identical.
Both exist in the gT conformation with corresponding torsion angles of
the two carbohydrate moieties differing by no more than 2.1°. 1In both
glycon moieties there is an intramolecular hydrogen bond 05,—H05,N2 (see
Figure 1 and Table IV). This hydrogen bond causes the respective

molecules to exist in a rather compact form. The glycosidic torsion

angles NZ-NI—CI,—CZ, of the two molecules are very similar with a value

76



of 60.1° in molecule A and 61.1° in molecule B.

There is a rather extensive hydrogen bonding network which links the
two molecules (Table IV). All of the hydrogen atoms bonded to oxygen
atoms of the two molecules, with the exception of 802, in molecule B,
are involved in hydrogen bonds. Oxygen of 0104 of molecule A interacts
vith two hydrogen atoms, while the corresponding oxygen of molecule B
does not participate in any hydrogen bonding. This may account for the
large dihedral angle between the plane of the carboxylic acid group and

the aglycon in molecule A, as mentioned above.
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TABLE I

Sa Vo g%, a¥e g0, gY

Crystal and Structure Data of Compd 42a

Formula
Molecular Weight
F(OOO)
H, cm
Crystal size (mm)
Space group

A

b, A
c, &
o, deg
8, gez
Y, 968
33

-1
d, g cm
radiation
sin /X max
unique observed data
unobserved data
R
R

lgrgest peaks in 4 F map, er3

-'\ﬁ\‘,‘,l “,

',-'J-'/'J‘

79

A S L P

C. H, gN,0
316,39 27

368

9.18

0.3 x 0.3 x 0.1
P1

4.857(2)
10.071(9)
16.889(6)
97.48(4)
95.56(3)
90.19(4)
815(1)

2

1.43

Cu (1.54178 A)
0.54

2395

96

0.049

0.067

0.37, -0.32

fl.-..l r‘ -,

g\ AN W,

------------
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TABLE II

Bond lengths (3) vith e.s.d.2 values in parenthesis

1 2

) E’Sa

CC3-CB1
C

c Céa
C64—01C4
cC,-0,C

4
0.t Hose,
4 5
57N

-C
1 &’
1 0
2!
21 2!
31
3l
2w,
3! I
51
5!
2w,

l.l— 1:

C
C
N
C
c
0
c;
c?
0
C
o
ct
0
C
0,,-C.,

average c-C
in benzene

a

Molecule A

.375(4)
.310(4)
.336(5)
.426(6)
.501(6)
.427(6)
.450(6)
.211(6)
.323(6)
.982
.379(6)
.331(6)
.458(5)
.537(6)
.404(5)
.95
.511(6)
.430(5)
.94
.497(6)
.516(6)
.411(6)
.17
L450(5)
.383(6)

b ek et pd b e O b e O pd b b b ek (O pmd b b b b el e e ped

1.379(13)

80

Molecule B

— et et it = it (D) = O et b e b et (O b b b e ed e b e

1.

.378(5)
.315¢5)
.332(6)
.434(5)
.499(7)
.429(6)
.456(6)
.218(6)
.289(7)
.86

.386(6)
.326(5)
.442(5)
.525(6)
L411(5)
.92

.529(6)
.425(6)
.97

.508(7)
.S11(7)
L410(7)
.05

.499(5)
.60B(S)

178(¢18)

—e.s.d. value on bond lengths involving H atoms is estimated a'
0.034. The positioned parameters of these atoms wete not tetined.
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TABLE III

Positional (x 104) and Thermal Parameters
of the Atoms with e.s.d. values in parenthesis

How = ™ &

Molecule A
X y z Ueq
5040(7) 4362(3) 5532(2) 38(1)
3220 4118 4852 38(1)
2045(9) 2967(4) 4912(2) 34(1)
94(7) 2362(3) 4373(2) 47(1)
-713(10) 3034(4) 3696(3) 43¢1)
-1358 3913 3873 472
832 3107 3390 472
~3001(10) 2221(4) 3194(3) 41(1)
~4213(12) 1124(5) 3434(3) 57(2)
3583 839 3940 612
6328(14) 427(5) 2945(4) 76(2)
27203 -321 3123 782
-7205(13) 791(6) 2210(4) 682)
-8633 281 1867 83
-6019(12) 1883(7) 1963(3) 65(2)
6653 2151 1453 612
3932(11) 2599(6) 2445(3) 55¢2)
3115 3364 2268 662
3099(10) 2649(4) 5627(3) 38(1)
2299(10) 1234(4) 5928(3) 42(1)
1370(8) 846(3) 6532(2) 56(1)
273(8) 557(3) 5466(2) 62(1)
691 138 5771 166(24)2
5020(10) 1396(4) 5999(3) 41(1)
61132 1366(4) 6498 472
6469(9) 9699 (4) 5703(3) 35¢1)
*636 5654 6195 382
0460(9) 6831(4) 5802(3) 3641)
2631 6664 5533 392
1977 7156(3) 6605(2) 48(1)
2206 7602 6526 112(19)2
6018(9) 7898(4) 5466(3) 3641)
4Bal 8608 5318 382
B192( ") 8462(3) 6044(2) 44(1)
457 8830 6520 69(14)2
T4 (9) 7123(4) 4788(3) 35¢1)
R0 7625 4679 40=
S6GO (1) 6915(5) 3978(3) 5052)
65Q] 6291 3625 58-
%924 761 3774 582
ACRRTIER 6618(3) 3986(2) 50(1)
1100 5288 4068 138(21)2
045(6) S842(3) 5064(2) 39(1)
81
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:i. , TABLE III (Cont’d)
Molecule B
X y z Ueq
" Ny 8275(7) 7860(3) 8654(2) 36(1)
' Ny 10226(8) 7907(3) 9307(2) 37(1)
N c 11440(9) 6740(4) 9214(2) 37(1)
s oc, 13479(7) 6369(3) 9721(2) 49(1)
a cc 14282(10) 7318(4)  10415(3) 43(1)
a Hléc3 14930 8131 10251 44%
e H,CCy 12726 7507 10719 443
L cB, 16552(10) 6730(4)  10920(3) 42(1)
N CB 17782(11) 5535(5)  10681(3) 56(2)
o HcB, 17162 5032 10171 572
£ CB 19925(13) 5043(6)  11174(4) 72(2)
o iR, 20812 4224 10993 762
o CB 20755(13) 5731(7)  11911(4) 73(2)
- AcB, 22178 5377 12256 792
3 CB 19564(12) 6907(7)  12150(3) 65(2)
3 HCB, 20183 7400 12662 692
CB 17466(12) 7413(6)  11688(3) 57(2)
’ icf, 16628 8244 11851 598
s c 10364(10) 5926(4) 8493(3) 40(1)
W cé 11115(11) 4590(4) 8149(3) 50(2)
. 0,8, 9948(10) 4008(4) 7530(3) 78(2)
v olc 13131(9) 4089(3) 8562(2) 67(1)
V. B0, 13478 3253 8447 78(15)2
'y c 8310(10) 6710(4) 8174(3) 40(1)
5 HC, 7710 6462 7691 442
b C, 6890(9) 9072(4) 8487(3) 34(1)
) i, , 5626 8819 8018 302
A c, . 8861(9) 10161(4) 8320(2) 34(1)
X B, 10727 10137 8564 372
- 0,2 9115(7) 10033(3) 7488(2) 44(1)
% B0, 10685 10350 7306 108(19)2
A C.2 7401(9) 11433(4) 8641(3) 39(1)
B, 8605 12207 8746 422
< 0. 5140(7) 11694(3) 8083(2) 49(1)
¥ KO, 5793 11463 7559 59(13)2
- C,; 6194(9) 11024(4) 9365(3) 40(1)
o i, , 4665 11602 9464 442
o c., 7998(11)  11211(5)  10153(3) 52(2)
] HOC, 7068 10795 10535 592
. HoCo, 8209 12154 10330 592
02, 10659(7) 10660(4)  10127(2) 53(1)
KO, 10587 9622 9954 92(17)2
0 £539(7) 9609(3) 9155(2) 43(1)

Ueq is defined as one-third of the trace of the orthogonalised Uij

tPnsecr.

. N > » .- T e e e e PR
RO R RN BN N N R AR EII

- Value is the isotropic U.

e

AN

s

NN Lt
.

"

o’

Y

'._'

N
8

FJ

e
v

b YT

“w

L




TABLE IV

Hydrogen bond data

D————H - A H-—-A(A) D A(i) D—#H A(deg) translation
of A

intramolecular

0 ,A3 HO., A N_.A 1.886(2) 2.893(5) lbO.S(Z)b x, Y. z
5 5 2
05,8 Hos,n Nzn 1.918(4) 2.931(5) 161.6(2) x Y. z
intermolecular

03,A 803,A OZ'B 2.003(3) 2.726(5) 132.0(2) x, Y. z

, OZC‘A HOZC‘A 03,A 1.735(3) 2.672(5) 157.5(5) x-1, y-1, 2
R OZC B ﬂOZC B 03,5 1.830(4) 2.662(5) 162.3¢(3) x+1, y-1, z
4 Oz,ﬁ noz,ﬂ OIC‘A 2.038(4) 2.921(6) 160.0(2) x+l, yel, 2z
o 03,5 803,8 OIC‘A 2.024(4) 2.703(5) 125.3(2) X, y+l, 2

- -
- e e

2The letter A or B is added to the atom label to designate the
molecule to vhich atom belongs.

¢
‘{ gThe e.s.d. values on H - A and D—H A are underestimated as the

. positional parameters of the H atoms vere not refined. Based on past
‘vl experience an uncertainty of about 0.03 X on H- A distance and 2 to
' 4 degrees on D—H A angle would be reasonable.

y
>

Wy

L4
b
¥

s,

A
s

Y

2

. [ ]

R

At

W

‘;:'

!

W

) 83

K

o Ly T L T PR g g P TP N g nT Lo N s N .' 0 PG "f.‘ &




AR

..:‘. U ﬁ
%t%"c .‘\".l A




